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In this research we have developed a solution method to
treat the potential mechanisms causing the Palmdale uplift.
In this report I outline the progress, consider defects in
the approach of other investigators, and emphasize the
necessary features to explain the Souvuthern Califorria
uplift. The problem 1is not resolved as yet; however, the
work does offer some corstraints.

Previous models of the Southern California wuolift
suffer from inappropriate assumptions and nurerical errors.
Using the post—seisric deformations for the 1946 Narkaido
earthquake, we indicate the origin of these difficulties ard
develop the requirerents for a model in Southern California.
First, the viscoelastic half-space used by Thatcher anrd Run--
d1e(1979) for the asthenosphere gives nnsatisfactory models.
In addition, numerical instabilities invalidate their solu-
tion using an elastic bulk modulus. A constant lambda and
viscoelastic bulk modulus are also inappropriate for the
asthenosphere. Finally, 1lateral heterogeneities strongly
effect the deformations and invalidate ary sirple analytical
models if compared to detailed geodetic data.

Using an improved geodetic data set, the 1946 Napkaido
earthquake does provide constraints for the viscosity struc-—
ture of the asthenosphere.

(1) 4 30 to 40 km thick elastic lithosphere.

\2) A thin, 20 krm thick 1low-viscosity chanrel with ar
effective vissosity of 12%%21 poise.

!3) A higher viscosity mesnsphere with an apnoroximrate
viscosity of 12*%21 poise or greater,.

(4) A zone or layer of low effective viscosity within the
asthenosphere adjacent to the subducting slab, Within
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the zone the viscosity is less than 2.x10*%1% poise.

These results offer important constraints for models of
Southern California. They suggest that both Kosloff s{1977)
and Rundle’s?/1979) solutions for the southern California
uplift are 1ircorrect: The first ignores relaxation in the
asthenosphere and assumes an elastic problem, while the
second model cortains numerical instabilities and
incorrectly assumes a half-space with a viscoelastic ©bulk
modulus. These assumptions will strongly effect the result-
ing deformations.

Our proposals and reports (Smith, 19?7. 1978, 1979)
suggest a combinatior of the following mechsrisms generating
the unusual pattern of vertical and horizontal movements in
Southern California:

(1) Complex fault geometry represented by the Sar Andreas
fault and branch faults.

(2) Stress relaxation in the asthenosphere origirating fror
a low-viscosity channel and lateral heterongeneities.

(3) Coupling of aseismic slip between faults ard fault seg-
ments.

Kosloff (1977) has treated the first of these for the
elastic <case, while the final mecharism adopts greater
importance in light of Mavko and Stuart’s(1979) solution for
coupling of aseliswric creep between the San Andreas and
Calaveras faults. The time scale of the vertical ard hor-
izontal deformations, however, require including the second
oprocess, stress relaxation in the astherosphere.

To allow solvtion of a general problem, the firite ele-
rent method was chosen &as the solution mrethod. A three-
dirensional code has been developed to include the following
conditions:

{1) General, linear viscoelastic media.
(2) Nonlinear constitutive relatior along the fault.

(3) Complex fault corfigurations 1includirg intersecting
thrust and strike-slip faults.

f4) Lateral heterceeneities within the crust and astheno-
sphere.

™o differentiate the effect of mantle relaxation from
fault creep and to demonstrate the utility of the computer
code for three dimensionnal problems, we solve a simple model
of a strike slip fault within a layered media. In our
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corputations asthenospheric stress relaxatiorn cannot account
for the deformations occurrirg in southern Califorriajy com-
plex fault geometries and fault creep are also nrecessary.
Relaxation, however, will perturb the deformations by at

least 5 centimeters.

To allow direct comparisor to observed geodetic data,
we are now constructing a model of southern California which
includes aseismric fault creep or instabilites, complex fault
georetries, and stress relaxation. Usirg the approach of
Mavko and Stuart(1979), the solutions will place constrairts
on the contribution of each factor.
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1. INTEODUCTION

The origin of thtre Palmdale uplift remains a perplexing
anl unresolved problem. The research in this grant provides
techniques to resolve the guestion and to suggest alterna-
tive theories for the origin. 1In this report I will outline
th2 progress, present the solution methods and programs, and
give suggesticns for future work. The problem is not
resolved as yet; however, the work does offer some con-
straints., Development of solution methods proved to be more

tormidable than anticipated.

The Southern california uplift, if we assume its
e¢xistence, has been attributed to two mechanisms: The first
proposal viewed the uplift as the interaction of complex
fault geometries (Kosloff, 1977). Using an elastic model,
the region was modelled as a plate with vertical deformation
constrained to zero at its base. The faults were modelled
as weak elements within the plate. When the edges are dis-
placed to simulate the motion of the North American and
Pacific Plates, these weak zones were allowed to creep. The
results suggest the importance of complex fault geometries,
specitically, the bend in the San Andreas fault and related

branch faults.

This simple finite element model suffers, however, from
4 number of major assumptions. The crust is locked at its

bhase; an unrealistic assumption in light of the low viscos-
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ity of the asthenosphere (see later sections). The effects
of thrust faults in the Transverse ranges 1is ignored.
Finally, creep processes assumed along thke fault are simpli-
fied. The first assumption will have significant effects on

the vertical deformations.

& recent model by Runrdle(1979) considers +the deforma-
tion as a consequence of a very low angle thrust fault.
Again the model suffers from a namber of significant
defects: Numerical instabilities have been discovered in his
solution method for an elastic layer over a viscoelastic
half-space. For a low angle thrust these instabilities will
le particularly scvere. In addition, a viscoelastic half
space underlying the elastic crust is a poor approximation;

I will demonstrate this in a later section.

Although each of these solutions have specific defects,
each mechanism may be significant for the final deformations
in Southern California (Smith, 1977, 1978, 1979). As we
have emphasized in our original proposals, the most probable
mecharism generating the uplift is a combination of the fol-

lowing frocesses:

(1) Complex fault geometry represented by the San Andreas

fault and branch faults.

(2) Stress relaxation in the asthenosphere originating from

a low-viscosity channel.
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(3) Coupling of aseismic slip between faults and fault seg-

ments.

The final mechanism adopts greater importance in light
of Mavko and Stuart's (1979) solutions for coupling of ase-

ismic creep betvween the San Andreas and Calaveras faults.

Assuming these rather complex interactions, our objec-
tive is to resolve their significance and develop a solution
method which incorporates them. One very useful approach
would be similar to Mavko and Stuart's (1979) for aseismic
creep, Lut extend the solution to an elastic half-space in
Southern cCaliforrnia. The time scales in Southern California
are, however, longer than Northern cCalifornia which may
invalidate the half-space assumption. Instead, a viscoelas-
tic asthenosphere may be required to model the 1large scale
deformations. This necessity will be shown in a later sec-
tion. A series of faults within a plate overlying a viscoe-
lastic half-space would be a better assumption. Two
approaches are now obvious: One uses Rundle(1978) solution
for a strike-slip fault within an elastic layer overlying a
viscoelastic half-space; the other utilizes a finite element

moiel.

To allow solution of a general problem, the finite ele-
ment method was chosen for the time dependent problems. Our

cole will allow the following problenms:
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(1) General viscoelastic media for the model. The simplest
properties, however, will be chosen for medium; an
elastic lithosphere and a Maxwellian response for the

shear modulus within the asthenosphere.

(2) VNonlinear constitutive relation along the fault.
Laboratory evidences indicates that the response of a
fault zone to stress may be very complex. The depen-
dence probably involves the strain history and the con-
fining pressure as important parameters. The finite
element model will incorporate a general relation along
the fault through convolutions of the step function
response for each segment of the fault interface. This

requires modelling the fault as an internal boundary.

(3) Complex fault configurations. As an example, the
Southern California region involves a complex group of
intersecting thrust and strike slip faults. This
requires careful treatment of boundary conditions ét
the intersection of branch faults with the San Andreas

systenm.

(4) Lateral heterogeneities within the crust. The comnplex
geology in Southern California as reflected in the
topography may be a significant element influencing the

strain fields.

our ability to inccrporate each of these factors in the

computation 1is an advantage; however, three dimensional
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finite element models are notoriously complex and require
extensive computer facilities. Consequently, there are
advantages in the approach taken by Rundle, Mavko, and
Stuart with analytical-numerical models. The finite ele-
ment models cannot replace these, particularly for simple
models of strike slip faults in an elastic layered media.
For viscoelastic media and for complex geometries with
lateral heterogeneities, the finite element method is the

only suitable approach.

In the following sections I will outline the computer
code for the finite element wmethod and demonstrate its
applicability to a problem of thrust faults. The solutions
for surface deformations associated with the 1946 Nankaido
earthquake will constrain the viscosity of the astheno-
sphere. This work is an extension of an earlier interpreta-
tion using additional data and models (Smith, 1974a,b,
1976) . These results are then applied to a simple strike
slip fault to indicate the contritution of stress relaxation

to horizontal and vertical surface deformations.
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2. VISCOSITY OF THE ASTHENOSPHERE

- S

Large shallow earthquakes at island arcs such as Japan
anl Alaska are attributed to convergence and subduction of
lit hospheric plates. The majority of mechanisms fit neatly
into the framework provided by new global tectonics: The
earthquakes occur as a megathrust tetween the continental
and underthrusting oceanic lithosphere {(McKenzie & Parker,
1967; Isacks, et al, 1968; Plafker, 1972). The subduction
process requires motion of the lithospheric plate over a
viscous asthenosphere if strain accumulation is to occur at
thea subduction zone. In this section the interaction of the
lithosphere and the asthenosphere will be constrained using
geodetic data following wmajor dip slip earthquakes. The
resulting information, the effective viscosity of the
asthenosphere, 1is a critical parameter for modelling South-
ern California. Unlike the conclusions of Thatcher and
Rundle (1979), the models suggest that asthanospheric stress
relaxation provides a simple explanation for the Gfost-

seismic deformations.

The sequence of crustal deformations associated with a
major, shallow thrust earthquake such as the 1946 Nankaido
earthquake have particular significance. These mnovements
reduce to four stages: secular, pre-seismic, seismic, and
post-seismic (Scholz, 1972) . The secular strain accumula-
tion and seismic deformation conform to the classical elas-

ticz rebound theory of Reid(1910). The rapid crustal
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movements which characterize preseismic and post-seismic
deformations offer the best constraints on faulting
processes and interactions between the 1lithosphere and

asthenosphere.

Post seismic deformations have either the same or the
reverse sense of movement as the earthquake phase; the sense
of movement depends on the particular earthquake (Scholz,
1972) . The 1966 Parkfield earthquake appears as a buried
fault: the post-earthquake movements may correspond to creep
along the surface extension of a buried fault (Scholz, et
al, 1969) . The post-seiswic movements would then have the
same direction as the earthguake and approach its inferred
offset. Thatcher (1975) suggests this behavior for the 1906
San Francisco earthquake except along deeper segments,
Barker (1976) notes, however, that fault creep cannot bhe

resolved from stress relaxation in the asthenosphere.

Another group of earthquakes do not as readily 1lend
thamselves to post-seismic fault creep; instead, asthenos-
pheric stress relaxation provides a simple explanation.
These earthquakes include the 1946 ©Nankaido earthquake
illustrated in Fiqure 1, 1923 Kanto, the 1964 Niigata, and
th2 1964 Alaskan earthquakes (Brown, 1977). To resolve the
contribution of aéthensopheric stress relaxation to fpost-
seismic deformation, the geodetic data from the 1946 Nan-

kaido earthquake will constrain simple models of Southwest

Japan. The model must contain the essentialk assumption, a
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subducting lithosphere and stress relaxation in the astheno-
sphere, while ignoring unwarranted or unresolvable complica-
tions. The approach taken uses a linear viscoelastic medium
for the asthenosphere and lithosphere. 1Initial elasticity
anl time-dependent relaxation are present, but it avoids
further material and numerical complications inherent in
nonlinear stress-strain relaxation. Finally, a novel
approach in the Laplace dowmain using the finite element
method results in a very tractable model for the time depen-

dent prchblem.

The results indicate that asthenospheric stress relaxa-
tion will explain the post-seismic deformations and also
provide details of the viscosity structure which are
unresolved by the analysis of post-glacial rebound. These
results differ significantly from those of Thatcher and Run-
dle (1979) as a result of their simplifying assumptions: no
lateral heterogeneities and a viscoelastic half-space for
the asthenosphere. Both depth and lateral variations in the
time-dependent properties must be incorporated for modelling
the deformations. This is not to underestimate the impor-
tance of fault creep, but to emphasize the need to incor-
porate realistic geometries and properties of the fault and

med ium.

Using the geodetic data from the 1946 Nankaido earth-
quake, the models place the following constraints on the

lithosphere and asthenosphere:
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{1) A 30 to 40 km thick elastic lithosphere.

(2) A thin, 20 km thick asthenosphers with an effective

viscosity of 1 or 2 x 10%*20 poise.

(3) A higher viscosity mesosphere with an approximate

viscosity of 10**21 poise or greater.

(4) A zone or layer of low effective viscosity within the
asthenosphere adjacent to the subducting slab. Within

the zone the viscosity is less than 2 x 10**19 poise.

In the following sections I will discuss the approach

to this problem and the data constraining each conclusion.

2-1. Yariatioral Formulatjon and the Finite Element
Met hod

R

The earth exhibits a complex structure along island
arcs: a dipping fault plare often separating continental and
oceanic lithospheres. This real earth domain can 1include
geometrical and material inhomogeneities, and 4irregular
boundaries. A solution strategy for the time-dependent
strains from faulting must be <capable of handling these
problems., Analytical solutions for a fault are essentially
limited to a half- space (Roseman and Singh, 1973a,d).
Approximate solutions for a layered media are possible using
the method of images and including only the first or higher
order terms (Nur and Mavko, 1974; Rundle and Jackson, 1977).

Hybrid analytical solutions with propagator matrices are
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possible for a linear viscoelastic model, but are also 1lim-
ited to a layered media (Barker, 1976). This may be suit-
able for a strike-slip fault, however, island arcs do not
correspond to a layered media. Numerical solutions appear
as the only technique that holds any promise for even a sim-
ple sukducting lithosphere. Two general strategies immedi-
ately suggest themselves: finite element method and finite

differences.

The finite element method solves the variational prob-
lem, that 1is, minimizing an energy functional or similar
expression over subregions and then combining into a bandad
synmetrical matrix. The engineering sciences have provided
the impetus for its development, for it is ideally suited to
elliptical boundary value problems as encountered in elasti-
city theory (Zienkiewicz, 1977). For these problems the
method is fast and has flexible resolution. But time depen-
dence introducés problems. One could discretize in time and
solve; however, this normally requires a two-point boundary
value problem. Time represents an initial value domain. It
is at this stage that finite differences is usually intro-

duced together with all its difficulties.

The finite difference technique has been the usual
solution strategy for time dependent problems {(Richtmeyer
and Morton, 1967). It is also notorious for its idiosyn-
crasies: slow and unstable convergence, ani difficulties at

discontinuities. If we use an integral technique. for
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generating the difference equations (Smith and Toksoz,
1972), and then step in time, one does better. Yet this is
basically equivalent to a finite element solution in space
and finite differences in time (e.g. Zienkiewicz, et al,
1968; Dischke, 1974). This is better than finite differ-
enzes in time and space, but not by much considering the

bookkeering needed during the solution.

An alternate method uses an approximate Laplace
transform inversion and applies the finite element methad to
the lLaplace domain of the variational-evolutionary princi-
ple. First developed by Schapery (1962) for the Rayleigh-
Fitz rethod, the technique immediately limits one to 1linear
viscoelasticity, actually a very desirable assumption. Adey
and Brebbia (1973) sugaested its extension to the finite
element msthod since the strategy overcomes the problems of
stability and error propagation found in the finite differ-
ence techninue. Indeed, it 1is applicable to any problen
forrulated as a Stieljes integral having a well~behaved ker-

nal.

Appendix A contains a complete description of the
approach and the development of the evolutionary principle.
The solution method allows the generation of a series of
"Green's" functions for each segment of the fault. This,
hovever, imposes certain constraints on the solution method.
These problems and alternative approaches are outlined in

th2 appendix A, and the computer code is given in appendix
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2.2. Post-Seismic Deformation for the

1946 Nankaido Earth-

Characteristics of the 1946 earthgquake have been exten-
sively discussed in Fitch and Scholz (1972), Smith (1974),
anl Thatcher and Ekundle (1979). In the context of this
report, I would 1like to emphasize certain aspects of the
data set which have significant consequences for the mode of
post-seismic deformation occurring ir Southwest Japan. Spe-
cial attention will ke directed towards the following prob-
lems: wavelength and locations of post-seismic deformation;
time scale of post-seismic deformation; time scale for

tilts; and migration of maximum post-seismic uplift.

Figure 2 illustrates t he post-seismic deformations from
1946 to 1960 on the island of Shikoku. The leveling data
was supplied by Ando (1976) and tied to the mean sea-level
changes occurring at the island (Tsumura, 1970). The
results allow a satisfactory correction for oceanographic
,effects; consequently, the hinge line is constrained within
a few centimeters. The form of the deformation allows an
approximate two-dimensional model. Important constraints
are offered by the location of the hinge line, position and
width (70 km) of maximum uplift, anl extent of subsidence
far from the fault. The uplift of 20 to 30 cm occurs dur-

ing a period of 13 years. The comparison of this leveling
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data with similar data from 1964 to 1971 will yield addi-

tional constraints.

The vertical movements in Shikoku given in Figure 3
demonstrate a continuation of the post-seismic deformation.
Again the leveling data is tied to the mean sea 1level
changes (Crustal Activity Research 0office, 1972). The
jeformation rate is now slower and the location of maximum
uplift has migrated north by 10 or 20 km. The hinge line
may also have a slight northward migration. The width of
maximum deformation remains approximately 70 km. Figure 4
illustrates both the vertical movements of Shikoku and adja-
cent Honshu during the same time interval, 1964 to 1971.
The pattern of deformation is repeated on the Kii peninsula
which is also adjacent to the Nanki trough. Again sub-

sidence occurs inland from the hinge 1line.

The previous diagrams confirm post-seismic deformation
for at 1least 20 years; however, additional constraints are
necessary to resolve the time scale. Tilt data can provide
this information. Tilting at Muroto peninsula in fiqure 5
has commonly provided one such data set (Okada and Nagata,
1953). Using a series 5f leveling lines at the promotory,
the tilts suqggest very rapid tilting towards the trough.
The decay time is in the order of one year. This is actu-
ally a rather crucial set of data for many investigators.
Both Fitch and Scholz (1972), and Thatcher and Rundle (1979)

argue in favor of fault creep as the responsible mrechanism.
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It is not possible to satisfy the tilt data and the previous
vertical movements of Shikoku using a simple model of relax-
ation in the asthenosphere (Smith, 1974, 1976). Additional
information is need to constrain the time scale for the
tilts across Shikoku; Figure 6 gives this important informa-

tion.

The figure illustrates tilts from three leveling 1lines
across Shikoku and compares them to a water-tube tiltmeter
at Matsuyama (Earthquake Research 1Institute, 1975). Bach
set of observations fits a similar decay rate for the tilts,
approximately 10 years. This rate is an order of magnitude
longer than the decay at Muroto peninsula and, consequently,
suggests two separate mechanisms for the deformations. The

next section will propose a solution.

2.3. Models for Island Arcs

Specific structural features characterize an island arc
systex: The features are dominated by a thrust fault
separating the descending oceanic lithosphere from the
slalnd arc or continental plate. A distinct low velocity
ani low Q zone urderlies both the oceanic plate and 1island
arc (Utsu, 1967). These are also the essential features

that dominate the finite element models.

Figure 7 illustrates the finite element mesh together
with these essentiul regions. The domipant, time-dependent

interaction is one between the asthenosphere and
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lithosphere; however, other factors are important: gravity
perturbs the time-dependent deformations; and the length of
the descending 1littosphere influencas possible modes of
deformation. Even more significant are the thicknesses of
the lithosphere and asthenosphere, and the relative dimen-

sions of the fault.

The simplest model and the one most closely approaching
th2 analytical solutions use a single elastic layer overly-
ing a Maxwellian viscoelastic half-space. There hLas been
recent confusion, however, on the appropriate parameters to
use for the viscoelasticity. Thatcher and Rundle(1979)
assume elastic behavior for lambda and Maxwellian behavior
for the shear modulus. The bulk modulus will then be a
standard solid with relaxation in volume. Figure 8 compares
this assumption to a pure elastic bulk modulus. The result-
ing deformations are significantly different, particularly
if one is comparing the model to observations at some dis-

tance from the fault zone.

Comparing the finite element solution in Figure 8b to
Thatcher and Rundle's (1979) analytical solution in figure 9
indicates a discrepancy. Near the fault =zone numerical
instabilities are apparent for the post-seismic deformations
computed with Pundle's analytical method; the oscillations
are particularly strong when the bulk modulus is assumed to
be elastic. These oscillations are not present in the fin-

ite element csolutions. In addition, the finite element
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method has been verified in Appendix B wusing analytical
solutions. Finally, models with different grid structures
and decay times all yield consistent results for equivalent
problens. Clearly, a numerical problem exists in their
approximations; its origin lies in the assumptions for the
derivation of the *"Green's"™ function (Rundle, 1978).
Lambda is required to bhe constant in all the layers. Conse-
quantly, a viscoelastic shear modulus requires the bulk
modulus k to ke viscoelastic. Assuming an elastic bulk
modulus will give the numerical instability and the
incorrect solution. 1In addition, the image method gives an
incorrect boundary condition at the interface between the
layers; stress relaxation will again accentuate this
discrepancy. Incorrect solutions wvwill result for bhoth
strike-slip faults and thrust faults. Unless another
derivation of the Green's function is used, this problen

cannot be corrected.

There is 1little evidence to suggest viscoelastic
behavior for the bulk modulus. Significant relaxation has
only been observed for the shear modulus in laboratory
experiments. Other phenomena such as dilatancy have been
modelled using relaxation of the bulk modulus; however,
Thatcher and BRundle (1979) -did not’assume this process or
justify the magnitude of relaxation. Consequently, our
models will assume an elastic behavior for the bulk modulus

(Smitk, 1974).
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Another discrepancy is the relaxation time adopted by
Thatcher and Rundle (1979). First, they define tte relaxa-
tion time tau = 2 / where is the viscosity of the
asthenosphere, and represents the shear modulus for a
Maxwellian model. This represents the relaxation time for
an elastic layer overlying a viscoelastic half-space, not
the asthenosphere itself (see McConnell, 1965). For Maxwel-
lian response ir shear, the correct relaxation time is tau
= / {Christensen, 1971, using equations 1.32 and 1.41).
Doth approaches, however, give the same viscosity for the
asthenosphere since our tau = 4, would be equivalent to time

2. in Thatcher and Rundle (1979).

Figure 8 also illustrates the importance of the fault
depth D to lithospheric thickness H. When the fault extends
through only part of the 1lithosphere, the post-seisnmic
deforration near the fault is subsidence, while at greater
distances uplift occurs. However, when the fault fully
extends thru the lithosphere as in Figure 10, the region of
uplift dominates, and the pattern of deformation becomes
strongly assymmetrical, These general features have also
been observed for earthquakes. Both the 1964 Niigata earth-
quike and the 1923 Kanto earthquake are characterized by a
zone of post-seismic subsidence near the fault and 1little
uplift at greater distances. For at least the 1964 Niigata
earthquake, this is consistence with the faulting mechanism;

a shallow thrust fault extending to perhaps 10 or 20 knm
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depth. On the other hand, the 1946 earthquake is dominated
ty post-seismic wuplift similar to figure 10a. The non-
dimensicnal parameter, D/H, primarily controls then the
shape of the profile. This confirms the rough analytical
models of Nur ard Mavko {(1974) and the solutions of Thatcher

and Rundle (1979).

Gravity represents an additional perturpation to the
sur face deformations. Figure 11 from Smith (1974) compares
tw> finite elment models, one with gravity and onme vwithout,
when the gravitational potential has been introduced into
the variational principle according to Appendix A. The
deformations are for two times, zero or elastic and tau =
12.6 after the dislocation. The gravitational effect is
evident for the rost seismic phase and only slight for the
elastic deformations. When the asthenosphere relaxes, the
gravitational restoring force becomes relatively more impor-
tant; the asthenosphere approaches a buoyant £luid. The
general form of deformation remains the same; however, accu-
rate comparison to geodetic data requires the inclusion of

the gravitational potential.

2.4. Viscosity Structure

Analytical models of Thatcher and Rundle (1979) assume
a viscoelastic half-space underlying the lithosphere; how-
evar, both the vertical and lateral viscosity structure are

crucial for the deformations (Smith, 1974) . Island arcs
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represent a gqross deviation from a simple elastic layer over
a half-space: the subducting slab and regions of high
seismic attenuation suggest a complex structure. An example
of the possible consequcnces is illustrated in Fiqure 12,
Figuras 12a and b demonstrate deviations from a viscoelastic
kalf-space. Both contain a low viscoity channel underlying
th2 lithosphere. Tor the thicker channel of 50 km in 12b,
we now observe subsidence at distances greater than 200 km
from the fault instead of further uplift as in figure 10.
This 1is a crucial difference. Wken a thinner 25 kam channel
is introduced as in 12a, the width of uplift substantially
decreases. The thickness of the lithosphere and the rela-
tive thickness of the low-viscosity channel determines the
minimum wavelength as in the problem of post-glacial rebound
(MicConnell, 1965, figure 6) and the relative thickness of

the low-viscosity channel.

If a descending slab is included in the model, further
deviations occur in the vertical deformation. The hinge
point shifts slightly towards the fault while a tail
develops in the region of wuplift. The width of maximum
uplift, however, remains about the same with only a nominal
decrease in amplitude. Yet these deviations are important

in the final models.

The volcanic zones in island arcs and models of convec-
tion suggest the existence of partial melt near the fault

zone within the asthenosphere. A region of 1low viscosity
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will effect the resulting surface deformations (Wahr and
Wyss, 1979) ; however, the effect of the asthenosphere mnmust
still be included in the models. Figure 12d combines both a
low-viscosity channel and a zone of lower viscosity near the
fault. The results are very significant: Near the fault
rapid deformation corresponds to relaxation in the 1low-
viscosity zone; a broad region of uplift continues by relax-
ation in the asthenosphere; and finpally wmigration of the
hinge line and maximum uplift occurs in response to their
coupling. These are the essential characteristics observed
in the tilts and deformations of the 1946 Nankaido earth-

quike.

2.5. A Model for the 1346 Nankaido Earthguake

)

A synthesis of the previous nodels suggests a
kypothesis for the origin of the post-seismic deformations.
A channel of low effective viscosity with an inclusion of
still lower effective viscosity near the fault. Since the
zone is near the fault tip, its low effective viscosity may
originate from a power law relation between effective
viscosity and stress (eg. Slade, et al, 1979). The data 1is

unable to resolve the distinction.

Fiqure 13 summarizes the approximate deformations asso-
ciated with tke <complete nmodel. These will serve as an
example of scaling. The model uses the same 30 degree 4dip

for the slap; tsunami data suggests that 20 to 25 degrees
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may be more appropriate (Ando, 1975). These results are not
signficantly effected Ly 2 small change in dip. In order to
fit the narrow width of vertical uplift, a thin astheno-
sphere 1is reyuired. The width also places constraints on
the corresponding thickness of the 1lithosphere. The time
scales of post-seismic deformation require inclusion of sec-
ular strain éccumulation which is illustrated in figure 12c.
This 1s modelled using slow reverse creep along the fault;
the rate corresponds to the observed strain accumulation.
Figure 12c corresponds to a recurrence interval of tau = 20.
for time nondimersionalized by the asthenospheric relaxation
time. This secular deformation is then added to the post-

seismic movements to give figures 12a,b, and d.

With secula; accumulat ion the post-seismic uplift spans
a width equal to approximately twice the lithospheric thick-
ness. When only a low-viscosity channel is present as in
fijure 13a and b, the <characteristic time constant for
uplift is approximately 2 to 3 times the relaxation time of
the asthenosphere. Neither the hinge line nor the location
of maximum uplift migrates. Using only one effective
viscosity, simple relaxation cannot explain the observa-

tions.

Inclusion of a low-viscosity zone near the fault tip
introduces an additional relaxation time. In figure 134
the effective viscosity of the zone is one-fifth of the

ast henospheric relaxation time. The resulting tilts near
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th2 fault occur with this <characteristic relaxation time,
while at qreater distances asthenospheric relaxation dom-
inates the vertical movements. The relative contribution of
eack depends on thLe proportion of the asthenosphere occupied
by the low-viscosity zone. 1In addition, the maximum uplift
and hinge line migrate away from the fault. This model con-
tairs the features required by the post-seismic vertical
movements; our problem is now to scale these general models

to our specific case.

The wavelength of the deformation gives the best con-
straint to the thickness of the lithosphere. Using 70 km as
the observed width of postseismic uplift implies a thickness
of 235 km for the lithosphere and approximately 15 to 20 km
for the low—viscésity channel or asthenosphere. Scaling
from the 1 meter dislocations in the model to an average
slip of 3 meters suggested for the 1946 Nankaido earthquake
(Ando, 1976; Thatcher and Pundle, 1979) scales the amplitude
of»the uplift for each dimensionless time. From figure 134,
20 to 30 cm of maximum uplift would occur at tau = 2.:.this
uplift occurs within the interval of 14 to 18 years implying
a relaxation time of 8 years and an effective viscosity of
1.5 x 10%#*20 poise. The Tresulting tilts across Shikoku are

similat to the previous obhservations in figure 6.

The zone of lower effective viscosity within the
asthenosphere accounts for the rapid tilts at the Muroto

promitory. Relaxation in this region generates a narrow
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zone of rapid uplift and tilting. The uplift is analogous
to an extension of the fault into the asthenosphere; conse-
quently, the 1length of the zone along the fault determines
tha details of the uplift. For example, at a distance of
150 km in figure 13d, the model predicts initial post-
seismic subsidence followed by uplift. This has been
observed at tidal stations (Tsumura, 1971). To reproduce
th2 tilts at Muroto rejuires an effective viscosity 1less
than 2.x10*%*%19 poise. Wwith this scaling the model faith-
fully duplicates t he characteristics of tke observed post-

seimic and secular deformations for the 1946 earthguake.
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3. APPLICATIONS TO SOUTHFRN CALIFORNIA TECTONICS

— . - s —— o > i T s s . . S S o e S

The previous sections have emphasized the importance of
the viscosity structure as a function of depth, lateral
heterogeneities on the deformations, and the fault geometry.
Thase factors also have significance for modelling the
deformation mechanisms in southern California. Hadley and
Kanamori's ({1977) aralysis of crustal structure 1in the
Transverse Ranges suJgest a complex structure. Models of
the deformaticn have either assumed an elastic crustal and
astherospheric structure (Kosloff, 1977), or a viscoelastic
half-space underlying a simple elastic layer (Rundle, 1979).
The previous secticns in this report suggest that neither
model 1is adequate to represent the vertical and horizontal
deformations. Ip addition, Rundle's (1979) model of the
Palmdale bulge as a 1low angle thrust fault suffers from
nunerical errors and a viscoelastic bulk modulas; the errors
will be particularly severe for a low-angle thrust fault.
Tha computational method outlined in this report can treat
these problems with the addition of fault creep; its primary

difficulty is adequate computer resources.

To differentiate the effect of mantle relaxation from
fault creep and to demonstrate the utility of the computer
code for three-dimensional fproblems, we developed a simple
model of a strike slip fault within a layered media. Sini-
lar problers have been studied by "other investigators

(Savage and Prescott, 1978; Barker, 1976) . Under specific
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circunstances, they conclude that stress relaxation may be
important durirg the earthquake cycle. 1In our computations,
asthenospheric stress relaxation cannot account for the
jeformations occurring in southern California; complex fault

geometries and fault creep are also necessary.

A surface view of the 3D finite element mesh is 1illus-
trated in fiqure 14. The thickness of the lithosphere and
asthenosphere are 50 and 100 km, respectively. A 5 meter,
strike-slip dislocation is applied to the fault through the
thickness of the lithosphere. The length of the fault is
approxirately 4 times its width. The fault is free to slip
in the vertical (z) direction in response to strains intro-
duced by the dislocation strike-slip dislocation. In
analytical models this feature is difficult to achieve.
Although a simple model, it is adequate to define the gen-

eral deformaticns along the fault.

The vertical deformations are illustrated in figure 15
for the post-seismic and seismic deformations. For the
vertical seismic deformations in figure 15b, the maximum
uplift and subsidence 1is in the order of 50 cm near the
fault tip. The large vertical movement is in response to
the stress concentration at the crack tip and the vertical
free slip condition on the fault plane. The top figure,
15a, 1illustrates the post-seismic movement a4t tau = 2. when
the vertical free slip condition is retained along the

fault. This is not a realistic assumption, but it will not
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dramatically alter the results. Further uplift and sub-
sidence occurs near the tip; however, it now extends over a
much broader rcogion. The maximum post-seismic movement is

approximately 15 centimeters.

The next figure illustrates post-seismic movements on
an exaqgerated scale. At time tau = 1. in figure 16, one
again observes large vertical offsets near the fault tip.
This occurs in resgnnse to stress relaxation in the astheno-
sphere at the crack tip. In addition, uplift and subsidence
occur at distances corresponding to a fewvw lithospheric
thicknesses H. The maximum uplift is approximately 10 to 15

cm.

In southern California adjacent to the San Andreas
fault, the elastic thickness of the lithosphere may be as
little as 20 to 30 km. This is not an unwarranted assump-
tion considering the recent tectonics and the previous
results for Japan. Scaling the problem in figure 16 to a
lithospheric thickness of 20 km instead of 50 km, the fault
length is now 80 +to 100 knm and the thickness of the
asthenosphere 1is 40 km. If ve conservatively assume an
effective viscosity of 10*#20 poise for the asthenosphere,
figure 16 corresgonds to approximately 5 years after the
earthquake. TFor slip of 2 meters along the fault, the max-
imum vertical deformation would then be 8 cm. If this slip
occurs as buried creep along the fault, the broad pattern of

post-seismic deformaticn would be similar. We might infer,
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then, that slip dislocation or creep along a simple strike-
slip fault gives insufficient vertical movement to explain

thz large scale vertical movements in southern California.

These models , however, suggest alternate approaches.
A bend in the fault will generate additional concentrations
of strain (Koslof:r,1977); relaxation will bhe greatst in
these zones. Complex fault geometries also concentrate
strain and deformation (Kosloff, 1977) ; we would also expect
post-seismic deformation to concentrate in these localities.
Unfortunately, for these cormplex geometries it is not clear
how the post-seismic deformation will evolve when couple to
creep instabilites along the fault. We are now constructing
a model of southern California in order to allow direct com-

parison to observed geodetic data.
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Farthquake migration patterns have been observed by
many researchers (eg. Mogi, 1968; Kelleher and others, 1970
to 1976), but their observations have always been gqualita-
tive. This, <coupled with the apparent randomness of the
data, often make their interpretations gquestionable} the
direction of the migration depending in part on the bias of

the researcher (Kelleher, 1972; Delsemme and Smith, 1979).

In the previous grant, we developed techniques to quan-
titatively establish the migration pattern of large earth-
quaikes. These techniques consist of (1) a new sampling pro-
cedure (see Appendix I), (2) two-dimensional spectral
analysis, and (3) a new stacking method to reinforce the
common featires before large earthquakes (see Appendix IT).
The spectral analysis was applied to both the space-tinme

diagrams and to the stacked patterns.

In the last six months we considered spectral analysis
in more detail 1in order to obtain estimates of the confi-
dence bhands around the computed spectra. In addition, we
started preliminary work on the stochastic analysis of

larger earthquakes using the Box-Jenkins methodology.

e e e e v . e o S

Confidence bands would be easy to compute, were it not

for the finiteness of the fourier transform and the smooth-
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ing reguirements (Rayner, 1971; Beauchamp and Yuen, 1979).

A tinite length of data in the time domain can be
interpreted as 1looking at the entire data, both past and
future, throngh a limited window. This window is rectanqu-
lar since it begins abruptly at the beginning and ends
abruptly too at the end of the recorded data. Unfortunately
a rectangular window becomes a sinc function

(sin pi t / pi t)
when transformed into the frequency domain. This means that
each computed frequency is the convolution of the "true®

transform and the sinc function.

The sinc function is not a very desirable function
since it is highkly oscillatory and converjes slowly. 1Its
one advantage is a very sharp central peak. What is needed
is a window in the time domain that would transform into the
fraquency domain with a sharp central peak but with no
oscillatory sidelobes. Actual desirable windows will be
compromises Letween these two features. Since the oscilla-
tory sidelobes are due to the sharp discontinuities at each
end of the data, better windows are produced hy tapering the
ends of the data toward zero. There are many ways to pro-
duce this effect (e.g. Bartlett, Parzen, Hamming,...) but
only one is in very common use: the Hanning window. It has
a fairly narrow central peak with small oscillatory
silelobes converging rapidly. Another reason why it is

popular, is its ease of computation in both the time and
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frequency domain. This means that the window can be applied
either Lefore or after calculating the fourier transform of
th2 data. This first wirdow will reduce the leakage caused

by the sampling and the finite length of the data.

Tn addition to this, it is desirable to average values
in the «computed spectrum in order to reduce the variance,
even though it entails a decrease in resolution. The
weighting function wused to smooth the spectrum is also
called a window. This second window has a bandwidth
describing the amount of averaging it effects on the spec-
trum. If we have a data series of length L, the frejuency
interval will be 1/L. A window with bandwidth B will aver-
aye over

2 / {1/L) = BL
values. 2BL is then the number of ind=penient values enter-
ing in the final estimate of the computed spectrum. The
factor 2 is caused by the ccmplex nature of the transform,
i.c. two numbers {a real and an imaginary) are used to comr-
pute the spectrum. The product 2BL is called the number of

degjrees of freedom in the computed spectrum.

The concept of a randwidth is difficult to define quan-
titatively. For a detailed description, see Parzen (1961).
Some examples of bandwidth for some common windlows are given

in Beauchamp and Yuern (1979).
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Now we car estimate the confidence bands around the
corputed spectrunm. The fourier transform of the original
data is the sum of a large number of random variables (i.e.
the sum of x(t) cxp(iwt) over all t) therefore this sum will
be approximately Gaussian, as can be proved with the central
limit theorem. Tte final computed spectrum is the sum of
square of 2BL values. Recall that Chi-square({n) is defined
as the sum of sguare of n independent Gaussian variables
each with zero mean and unit variance. Theretore the final
computed spectrum will behave as a Chi-square variable with
2BL degrees of freedom. This distribution can be found in

practically any introductory statistics texthook.

4.2. Stochastic Modelling Using Box-Jenkins

Farthquakes have a strong stochastic nature, otherwise
thk2 forecasting problem would Lhave been resolved long ago
(Lompitz, 1966). Tle olserved earthquake sequences can be
considered as a realization of some geophysical process.
From thkis realization one can deduce the basic properties of
the stochastic ©process such as means, moments,... But the
major purpose 1in time series analysis 1is to construct

molel(s) that have properties similar to that of the geophy-

sical process gencrating the earthquakes.

Pox and Jenkins present a logical method to do Jjust
this (Andersomn, 1975; Rox and Jenkins, 1976; Robinson and

Silvia, 1979). It is an iterative approach to model build-
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iny: First, a general class of model is chosen to fit the
problem at hand. Second, ar initial rodel 1is chosen from
the general class. This is done using autocorrelation and
partial-autocorrelation functions, to determine the smallest
possible number of parameters for an adequate representation
{parsimony principle). Third, the model is fitted to the
data and the parareters are estimated. Tourth, the residu-
als between the model and the real time series are computeld
ard tested to discover possible lack of fit. This diagnos-
tic test either accepts or rejects the model. If rejected,
the steps are iterated until a suitable model is found. TIf

accepted, forecasting becomes possible.

50 far no mention has teen made of the kind of models
to consider for geophysical data. Box and Jenkins lirit
themselves to stationary processes. According to Wold
(1954) , stationary processes can be decomposed into an
autoregressive term and a moving average term. This decom-
position theorem sugqgests that little is gained by consider-
ing nonlinear models, provided that the series 1is indeed

stationary.

For earthquakes it is likely that stationary is satis-
fisd, since the driving force of plates is prohably constant
over short geclogical time periods (Kagan and Knopoff,
1976) But even 1if some series are non-stationary, it is
possible to transforr them by repeatedly differencing thenm

until they do become stationary.
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Farthquakes may bhe thought of as a point process
(Spyder, 1975). 1n order to use the Box-Jenkins method, the
point process must bhe converted to a time series. One way
to do it, is to use the sampling procedure we developed ear-
lier for the two-dimensional spectral analvsis (see Appendix
I for more details). The purpose of the sawmpling was to
filter cut the Ligh frequencies in orier to be able to use a
limited number of samples. Since this restriction is not
directly apricable to the Box-Jenkins method, a simpler sam-

pling procedure may he used.

Father thar dealing with each earthquake 1individaally,
the Box-Jerkins method excels at modelling statistical
processes, so that it becomes more efficient to group earth-
quakes in larger samrles. We are 1investigating three
related series: (1) the number of earthquakes above a cer-
tain magnitude, (2) the energy released by these earth-
quakes, and (3) the eyuivalent magnitude correspording to
the energy released Ly the earthquakes. Present work sug-

gest sampling intervals of the order of months to years.

To accomplish the goals descrited above, wve developed
an extensive computer code. About two-thirds of the basic
routines for the univariate case have been written and
tested. Some of the rontines follow Box and Jenkins' own
algorithms as described in their books: Time series

analysis: forecasting and control (1976¢). ~Five main pro-

grams are required.
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(h

(2

(3)

(t

Earthquake sampling routine (ESAMP). This routine con-
verts an earthquake cataloqg into suitable time series.
The list of earthquakes can bhe edited in terms of geo-
graphkic locations, magnitude range, and depth range.
The sampled time series is stored on disk (or on tape

kt1) for later input.

Univariate stochastic model identification (USID).
This routine accepts the data from routine FSAMP, It
transforms and differences the data if desired. It
corputes means, variances, autocovariances, autocorre-
lations, and partial-antocorrelations. The progran
plots all needed results on the line printer. By exa-
mining the autocorrelations and partial-
autocorrelations, a class of models 1is chosen. 1In
addition, tke routine displays tistograms of the tire
series to check their gaussian distribution. The auto-
covariances are stored on disk (or on tape kt2) for

later processing.

Univariate stochastic model preliminary estimation
(JSPE) . This routine accepts the autocovariances fron
routire USID, arnd from them, computes preliminary esti-
rates of the parameters for the class of models

selected.

Mnivariate stochastic model estimation (USES). The

initial parameters computed by routine USPE may be
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refined using a non-linear least-square optimization
methol, due to Marquardt (1963). Diagnotic checks are
also furnished to determine the appropriateness of the
model clkosen. This routine has not yet been imple-

ner.ted.

(50 ‘'Ynivariate stochastic model forecastinyjy (USFO). Once
the least-square estimates of the parameters of the
zodel have been found, and that the model has been
checked as appropriate using routine USES, forecastiny
is possible. The routine 1inpnts the sampled time
series from FSAMP, finds the generalized ARMA parame-
ters, then forecast the series from any origin. The
time series, with the forecast and its upper and lower
probability limits are plotted on the 1line printer.
The results are also stored on disk (or on tape kt3)

~

for later plotting on an X-Y plotter.

All routines have the option of seasonal differencing
if needel. That option has not yet been tested. Some of
th2 work still to be done includes the non-linear least-
squara algorithm, and the plotting routines needed to drive
the Tektronix X-Y plotter. A non-linear 1least-square FOR-
TgAN program exists in Revington (1969) and could probably
be adopted. ©No difficulties are anticipated for the ©[plot-

ting routines due to our familiarity with the plotter.
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ornce the programs bave been completed and tested,
univariate forecasting will be possible. We expect that
uni variate forecasting will not be entirely adequate to
rredict earthguakes directly. However it may be appropriate
for forecasting the amount of energy released, or the number

of earthquakes in a given year.

This tool can be used for many other geophysical time
series. By fitting stochastic models to series known only
from their ochservations, it will be nossible to compare the
observations to the forecast values. Anomalies will stand
out as teing urnpredictable, and those aromalous precursory
events can then be descriked in terms of the probability

limit of the stochastic process.

4.2. Appendix I: sampling tecknigue

Two-dimensional fourier transforms require a 1lot of
samples since the number of samples varies with the square
of the number of samples on one side. Therefore in order to

e efficient, the number of samples must be minimized.

Sampling earthquakes, however present special problens.
Earthquakes are a point process, with each point represent-
ing éhe time and epicenter of one event. Each event is a
spike with essentially instantaneous rise time. A spike

contains a uniform frequency distribution; however, a

bandlimited signal is needed to avoid aliasing.
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To solve these difficulties, we have ftollowed a tech-
nique described first by French and Holden (1971). Their
method involves several steps which ars tn be simultaneously
e xecuted. Although they descrite the soluticn for a one-
dimensional case, their method can he extended to more than
one dimension. In two-dimensions, the steps are: (1) Trun-
cate the data to a finite record. {(2) Convolve each earth-
quake or spike with amplitude A with a function that is an

ideal low-pass filter {(8righam, 1974):

2 sin(pi t /s dt) sin(pi x / dx)

where t denotes time and x represents space with respective
Nyquist frequercies of 1/2dt and 1/2dx. (3) Truncate the
dat a again with the same window used in step (1). (4) Sam-
ple the data with sampling rate of 1/dt and 1/dx. (5)
Renove the mean to prevent the appearance of a DC spike 1in

the final spectrua.

In addition to these steps, the space-time diagrams are
extended with zeroes in order to increase the resoluticn of
the final spectra. This is done prior to step (2) to avoid
truncation of the ideal low-pass filter and, thereby, minim-
ize bias. A Banninyg split-cosine bell taper is then aprlied
at the edges of the sampling grid to reduce leakage, as

described earlier.
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4.4. Appendix Il: Stacking technigue

In order to improve the signal to noise ratio of the
tw>~dimensional spectra, we developed a stacking technique.
Fach earthquake has a unigue history of earthquakes preced-
ing it. The previous earthquakes can be described using the
earthguake as origin. In two-dimensions we would consider
(1) the time 1intervals and (2) the distances between the
previous earthquakes and the earthquake. W¥e can plot the
pattern before eaclt g¢acrthquake on the same diagram, usinqg
the same origin. The relative time intervals and distances

are then distributed in a similar makner, and any common

features will appear as clusters of points.

Instead of considering just one realization of the sto-
chastic process leading to an earthquake, we are considering
several realizations. These realizations are grouped into
one diagram so that it becomes possible to describe the

ensemntle average of the stochastic process.

Since we are dealing with a historical record of finite
length, care must be taken in selecting the earthquakes to
be stacked. Each of them must have the same record length.
For example, in order to examine 20 year long patterns in a
data set starting in 1897, tke first stackable earthquake

occurs in 1918.

When considering two-dimensions, the space-axis extend-

ing along a seismic belt will also be finite. 1In this case
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edge effects are unavoidahle. DBut if the density of earth-
quakes is constant along the seismic belt, these effects are
symmetrical and will be equivalent at each end of tte

space-axis, thereby cancelling each other.
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FIGURE CAPTIGNS

FIGUPE 1
Vvertical movements across Shikoku. The profiles are
from Fitch ard Scholz (1371). Distance 1s measured fronm

their inferred position of the fault within the Nanki

trouqh.

{1 The top figure 1illustrates the secular deformations
rrior to the 1946 VNankaido earthquake. HNotice tae

position of the hinge line.

{2) Seismic deformation associated with earthquake.

(31 Post-seismric deformation until 1964. Maximum uplift

occurs in the region of seismic subsidence.

(4) Sum of seismic and post-seismic movement.

FIGURFE 2

Vertical post-seismic movements on Shikoku from 1946 to
1960 from Ando {(1976). The levelling data is tied to the
variations in mean sea level (Tsumura, 1971). The resulting
levellingy data and tidal datum at stations around Shikoku

are consistent to within approximately 5 cm.
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FIGURF 3

vVertical movements in Shikoku from 1964 to 1971. The
leveling data 1is tied to mean sea level changes (Crustal

Activity Pesearch Office, 1972).

FIGORLE 4

vertical movements in Shikoku and adjacent Honshku from
approximately 1964 to 1971, {Crustal Activity Research

Office, 1973).

FIGURE 5

71ilting at Muroto promitory. Notice the secular dlefor-
mation prior to the earthgquake in 1946 and the rapid post-
seismic movement rollowing the coseismic tilt. The decay
time 1is in the order of one year. (Okada and Nagata, 1953;

*itch and Scholz, 1971)

FIGURF 6

Tilts across Shikoku using leveling data with a compar-
ison to the water tube tilt meter. The shape of the curves
are similar and suqggest a decay time in the order of 10

’

vyears. (Farthquake Research Institute, 1575)
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FIGURE 7

Finite element mesh used tor figures 8, 10, 12, and 13.
Small moditications adapt the mesh to a simple half-space

solution, a layered structure, or a subducting slat.

FIGURE 8

vertical post-seismic deformation for fault dipping 30
degrees and p/H=.75 (fault extending through 3/4 of litho-
sphere) . The thickness ot the 1lithosphere is arbhitrarily
taken as 50 km, and overlies a Maxwellian viscoelastic
half-space. The relaxation time for the shear modulus 1is
nondimensionalized to one within the half-space. The inset
gives the configuration of the lithosphere and fault using
the2 horizontal distance scale. The intersection of the
fault with the surface corresponds to =zero distance 1if

aligned with the distance scale. Taunlt slip is one meter.

(1) Model for an elastic bulk modulus k.

(2) Deformations when lamhda is elastic and the bulk
modulus is viscoelastic. This case corresponds to fig-

ure 1 in Thatcher and Rundle (1979).

FIGURF 9
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Figqure la from Thatcher and PRundle (1979). Coseisnmic
vertical displacement (t=0, solid 1line) and subsequent
viscoe lastic response (t=2%*tau); dotted line, compressibil-
ity of half-space held constant; dashed line, lamhda fixed)
due to slip on a fault rupturing three quarters of an elas-
tic plate of thickness H overlying a viscoelastic (Maxell)
half-space. Vertical uplift is normalized by the reverse
fault slip, and distance perpendicular to the fault, y, is
in nultiples of the lithospheric thickness . Fault dip 1is

30 degrees.

PIGURE 10

Similar to figure 8, except tke fault fully extends

ttrongh the lithosrhere.
{(h Deformaticns for am elastic btulk modulus.

(2) Lambda held fixed and the bulk modulus becomes viscoe-

lastic.

FIGNRE 11

Perturbation introduced by gravity on the vertical sur-
tace deformations. The geometry is again shown in the upper
left inset using the hottom distance scale. The fault slip

is now 10 p with linear decay between the filled circles.
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The descending lithosphere penetrates to €00 xm and dips at

45 degrees. The comparison is for two nondimensional times,

0. and 12.6. 1The solid line represents the solution with

gravity; the dashed 1line is the solution without gravity.

Thus

gravity introduces an additional restoring force,

thereby reducinqg the post-seismic deformations.

\

FIGURE 12

tion.

1)

(3)

(%

Fffects of viscosity structure on rost-seismic deforma-

top left (a). A thin low viscosity channel overlying a

higher viscosity half-space with relaxation time 10.

bottom left (). A thicker low viscosity channel, oth-

ervise similar to the previous.

top right (c¢). A short subducting slab withk a thin

low-viscosity channel.

hottom right (i). Similar to previous but with zone of
lower viscosity within charnel (darkened region).
Viscosity is one-fifth of channels (relaxation time 1is

‘.2) -

FIGURE 13
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Post-seismic and coseismic vertical deformations when
secunlar deformation is included. The models corresgond to a
thin low-viscosity chkannel and a subducting slab. The
relaxation times are norndimensionalized by the relaxation

time of the channel.

(1) top left (a). Post-seismic vertical deformation with

the secular deformation in (3) or (c).

(2} bottom left (). Coseismic plus post-seismic deforma-

tion.

(3) top right (c). Secular deformation usiny model in (a)
and assuming recurrence interval as 20 relaxation
times. Deformwations along upthrown side (oceanic) are

not modelled properly using normal slip on fault.

(4) lrottom right (d). Post-seismic deformation for zone of
lower viscosity (one-fifth) embedded in the channel.
Rapid relaxation causes the uplift to migrate from the

fault.

FIGURE 14

Surface view of 3D finite element mesh. A strike-slip
fault 1is located inr the <center and extends through the
lit hosphere. The thickness of the lithosphere is 50 km and

it overlies a 100 km thick asthenosphere. A 5 meter dislo-
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cation is applied to the fault. FElement nuabers are also

shown.

FIGURE 15

Vertical deformations for seismic (Lottom figure) and
post-seismic (top figure) ftor the previous model. The vert-
ic1l scale is in centimeters while the horizontal scale is

in kilometers. The post-seismic plot is made at tau = 2.0.

FIGURE 16

Post-seismic deformations for model in figure 14 at tau

= 1.0. Vertical scale is again in centimeters.
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APPENDIX A |1

Implementation of time-dependent, finite element method

APPENDIX A2 outlines a finite element method for linear
time-dependent problems; now the implementation of this
scheme introduces new problems. Flexibility is needed
for the method: elastic solutions, gravity, faults, and in-
versions should be available. Each finite element solution
must yield both displacement and stress solutions in the
time~-domain. These requirements place tremendous demands
upon input-output control within the programming. All these
require careful implementation to give an efficient and
useful computational strategy.

These requirements are obvious in the solution method.
Each finite elemént solution in the Laplace domain demands a
separate factoring of the stiffness matrix; each element's
contribution involves an integral of the transformed relaxa-

tion function G

K =17 2/ ¢"ETGEav ' (A.1)
n \'4

where the notation conforms to Chapter 2. For each La-
place time the transformed displacement g are the solution

-~

to

R
uwQ|
]
0 |

(A.2)
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where the boundary conditions and loads § start at time
zero (section 2.3). The inversion to the time-domain using
collocation or least-squares requires the transformed dis-
placements g for each reduced time. If stresses are
necessary, we also save the stress-strain matrix for each
reduced Laplace time and element. This involves enormous
data retention. Once the finite element solutions are
available in the Laplace domain, least-squares fits the
displacements g or element stresscs to the transformed

-~

exponential series:

n S.
- _ i ‘
[q]P=1/y. - _z 1+y.P : j=1,n .(A.3)
J i=1l i p=1/y.
J
where
n -t/Yi
g= ] s5;(1-e ) (A.4)
i=1

in the time domain (section 2.6). Notice that all initial
displacements or stresses correspond to a step function at
time zero. The fitting implies access to maﬁy solutions
in the Laplace domain. Inversions multiply this require-
ment: each fault segment needs its own time-dependent
solution. Fortunately, multiple factoring is unnecessary
for the stiffness matrix K; rather, forward-backward sub-
" stitution yields each solution when intermediate results

are available. Again efficient data management is paramount.
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Figure A,1l

Outline of system structure for finite element computa-
tions and inversion. Three systems are répresented:
i) The finite element computations (FEM) include SETUP,
SOLUTION, and INVERSION stages. Three direct-access files
on disk represent intermediate storage modes. For the
solution program, gravity, the Laplace times for the solu-
tions, and the problem type (elastic or viscoelastic) must
be specified. The subsequent inversion to the time domain
involves either the stress of displacement when the series
times and, if necessary, a constant flow term are selected.
ii) The second system plots the displacements and stresses
for models derived from eithgr inversions or specific FEM
problems. The program accesses the mesh configuration
stored on disk and plots at desired times using the series
approximation (equation 2.6.9).
iii) Given an initial model and the constraining data, the
inversion stage generates new models together with the
resolution and errors for each. The first program formu-
lates the problem into an eigenvalue problem énd the result-
'ing work files are stored on direct-access disk. The
second solves the problem, while the last generates new
models and determines the resolution and errors for a speci-
fic number of eigenvalues. These models may now serve as

a new initial model.
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On-line core storage is crucial. Adopting a scheme
used by Orringer and French (1972), we store each band of the
stiffness matrix beginning with the firs£ non-zero entry.

A significant savings in space results compared to the maximum
. bandwidth mode. Subroutines from the FEABLE system

(Orringer and French, 1972) have been incorporated with
modifications for setting up the problem, factoring the

matrix using Cholesky's algorithm, and subsequent solution
using forward-backward substitution. These provide an
efficient solution scheme when we retain the whole stiffness
matrix in core.

Figure A.l shows the system structure adopted for the
viscoelastic solution. A crucial element is sufficient
versatility to allow solution of various problems: elastic,
viscoelastic, and inversion for both displacements and
stresses. Information must be accumulated for each. For
example, the stress-strain matrix fof each Laplace time
and element must be saved for computing time-dependent
stresses. To accomplish these tasks, we supdivide the

problem into the following operations:

I. SETUP assigns locations to the storage areas (i.e.
stiffness matrix, solution-force vector, bookkeeping variables,
etc.) based upon the dimensions of the problem, and reads and
stores the element information. This is independent of the

type of solution, whether elastic or viscoelastic; it
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only depends on the grid structure. All this is stored
on a diéé~work—fi1e together with the element informa-
tion, material constants, node locatibns, densities,
boundary conditions, and other assorted information.
Access to the disk file occurs one track at a time to

reduce input-output operations.

II. SOLUTION constructs the stiffness matrices and
solves them for the specified problem. For an elastic
solution just one factoring is necessary while a visco-
elastic solution requires half a dozen or more separate
assembling and factoring operations. Each factoring may
involve more than one solution if a generalized matrix
inversion is necessary. All the input is accessed from
the disc work-file, while all output is stored on a disc
solution~file. This dramatically decreases input-output
expense when combined with an additional buffer variable
located in a read-write subroutine. Large blocks of input
or output may be transferred thereby reducing the input-

output operations to the computer.

III. TIME DOMAIN INVERSION reads the displacement solu-
tions for each Laplace time and inverts using' the series
approximation for either displacement or stress. The

resulting coefficients are stored on disc file. Once
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these solutions are available, various modes of pro-
cessing can be executed including plotting and con-
structing the variational parameters for the inversion

solutions.

IV. DATA INVERSION

The generalized matrix inverse allows a simple in-
version scheme for the fault displacements. We access
a file containing the time inverted coefficients for the
displacements and introduce a starting model. SETUP fixes
the viscosity ratios for the asthenosphere and mantle;
however, scaling allows us to vary the initial viscosity
in the asthenosphere. In the starting model we constrain
this initial viscosity and define the fault segments for
the inversion. The resulting coupling and variational
coefficients together with appropriate weighting and
errors define the coefficient matrix for the inversion.

Now the first of two routines multiplies the co-
efficient matrix by its transpose and factors into a
tridiagonal matrix using Householder's method, solves for
the p largest eigenvalues using bisection, and finds the
eigenvectors. With the results stored on disc, the
second reoutine selects the number of eigenvalues and
generates the solution, variances, resolution matrix, and
weighting matrices for the next iteration. The structure
facilitates alterations and new ﬁodels without solving a

new finite element model.
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APPENDIX A.2

FINITE ELEMENT METHOD AND LINEAR VISCOELASTICITY

2.2 Variational pProblem for Linear Viscoelasticity

Essential to the finite element problem is a variational
formulation of the problem: the solution technique is based
on the minimization of an integral-differential operator.

For boundary value problems as in the theory of elasticity,
these variational principles are relatively straightforward
and assert that a function u (displacement or stress) satis-
fies such a problem if and only if the given functional

(i.e. potential or complementary energy) is sgationary at u.
However, viscoelasticity requires an "evolutionary" principle:
a functional which is minimized along a trajectory in time.

Several derivations of variational theorems in quasi-
static viscoelasticity are possible. Schapery (1962) has

U
used Biot's thermodynamic theory to deduce one such principle.
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This theorem imposes certain limitations on the class of
problem. Instead, a simple generalization of the elasto-
static variatonal principle due to Gurtin (1963) using
Stieljes convolutions will be proven. Later we will review
Schapery's assumptions for they bear upon the numerical
technique.

For reference the differential equation defining the
quasi-static viscoelastic boundary value problem are

(Christensen, 1971)

€e. = 1/2(ui .+uj i) assuming infinitesimal strain
!’ !’

1] J ou.
and u. . = —=
i,] 9X.
t aekR(T) J
or
3 *
955 = Gisxe ¥ dExy

using the Stieljes convolution form of the constituent relation.

Note that cij is the stress tensor and eij is the strain tensor.

°ij,j + F; = 0 for equilibrium relation, (2.2.2)

and _

u, = Ai on Bu | (2.2.4)

where Si and Ai are the prescribed stresses and displacements
on the boundary B when nj is the normal vector ard Fi is the
body force. The kernals Gijk2
of the material and are termed relaxation functions.

(t) are mechanical properties
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The object is to derive a functional 7 whose variation §n
vanishes and yields equations (2.2.2) - (2.2.4). We now define

the functional m according to Gurtin (1963):

= * * - 0'* s & - - & . [ * -
T ]Vll/zGijkz de;s*dey, - 0 *de, (054,5+F;) *duylav
* - *
+ jB[ai da;lda + ]B [(0,-S,)*du,]da (2.2.5)
u o

where Fi' Ai' and Si are given quantities and each variable
is dependent upon the appropriate coordinates. Again we let
o, = oijnj on the boundary. w 1s the correct functional if
the Euler egquations give the proper field equations and
boundary conditions. Thus it is necessary that the first
variational 67 of the functional 7 in equation (2.2.5) vanish
if and only if the field equations and boundary conéitions
given by equations (2.2.2) - (2.2.4) are satisfied. The
variational principle is then a generalization to visco-
elasticity of the Hu-Washizu theorem in elasticity (Hai-Chang,
1955; Washizu, 1955).

Suppose we take the variations in the histories ui(T),

eij(t), and Gij(T) to prove this statement; that is
ui(r) + Gui(t)a
eij(r) + 6aij(1)a (2.2.6)
oij(r) + Gcij(r)a

where o is some small real number and Gui(r), éeij(r), and

Goij(r) are sufficiently smooth, arbitrary functions. The
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general variation of the function is desired (Gelfand and

Fomin, 1963). The first variation of 7 becomes

= * * - ¥ s = . *¥de, . - s s
& Iv[Gijkl dey *dbe;y = 0j4*a8ey = 8o  *Aesy = (og4 4t

* — *
Fi) dGui §o.. . dui]dv

ij,J (2.2.7)

- * *
+ jBuraoi*dAi]da + [ oy ;) *d8u; + 80.*du,]da

(o]

B

Here the commutative property of Stieljes convolutions

* *
(G, d&ei. de

= *
19ke 90€3 578k e= G gpp A8
tion (Gijkz = leij) based on the symmetry of the stress and

strain tensors are used (Christensen, 1971). Following

l*aaeij), and the symmetric rela-

Gurtin's development the term IB[GGi*dui]da is subtracted
u

from the integral over Bu and added to the last term of the

Bo integral. Using Green's theorem, the first variation

results:

§m = [ (G yp*dey g™ O54)*deyy = (

.. + ¥+ F.)*% .
v 3 013,3 Fl) dGul

- - - *
(eij 1/2ui,j_ 1/2uj,i) dcij]dv

+ ]Bo[(oi-si)*daui]da + IBu[(Ai“ui)*dSGilda (2.2.8)

To satisfy 8m = 0 for arbitrary Gci, Gui, and Geij each
integral must separately vanish. This requires that the
integrand of each equal zero giving us the field equation

and boundary conditions, equations (2.2.2) - (2.2.4).
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Since a 'displacement' approximation will be used with
the finite element method, a simplified variation principle is

more useful:

L fvll/ZGijkl*deij*dekl- F;*du,ldv - ]B(Si*dui)da
° (2.2.9)

Only the displacements are varied subject to the constraint
imposed by the displacement boundary conditions (2.2.4).
This variational principle is then analogous to stationary
potential energy in elasticity and the proof proceeds as
before (Christensen, 1971, sec. 5.4).

An operational form of the variational principle may now

be obtained if the Laplace transform of T3 is taken (Schapery,

1962) :

- _ w-pt
Ty = foe m(t)at (2.2.10)

obtaining

Ty = G *de. .*de. .- F. *du _ e
T3 IV[I/ZGijkl deij dekk Fi dui]dv IBési*dui)da

(2.2.11)

where the bar denotes the Laplace transform of the function.
The variation of F& derives the Laplace transformed Euler
equations. These are completely analcocgous to the Euler
equations in the time domain. Using this operational varia-

tional principle we can easily compute the displacement
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solution in the Laplace domain givgﬁkthe transformed relaxation
Vio

function Eijkl for the material)and the transformed boundary

conditions. Only the solution must be inverted to the time

domain. These are the topics of the next sections.

2.3 Finite Element Method for Operational Variational Principles

The finite element method is very similar to the Rayleigh-

Ritz-Galerkin technique. Each begins with a functional or

-

variational principle and minimize= it for an appfoximating
function u. This in turn leads to the Euler equations for the
system. While finite difference schemes approximate the
derivatives after minimization in these Euler or field equa-
tions, both the finite element and Rayleigh-Ritz mefhods

start with the actual variational principle, but with one
significant difference: the Rayleigh-Ritz-Galerkin strategy
chooses a finite number of trial functions ¢l...¢N which span
the whole domain and satisfy the boundary conditions for the
variational principle. The finite element method, on the
other hand, subdivides the domain into 'elements'. Within
each element a simple, complete sequence of trial functions
interpolates the function u. Compatibility with essential
boundary conditions is easily achieved for the trial func-
tions within each regular element, as opposed to the Rayleigh-
Ritz method when irregular boundaries over the whole domain

U

must be satisfied by the trial functions. Each subdivision
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or element of the finite element domain can then be assembled
with the others into discrete algebraic equations having
"hice"” banded properties, a significant advantage for effi-
cient numerical solution. It is this simplicity of the trial
or interpolation functions which gives the finite element
method its power.

Courant (1943) first proposed the equivalent of the
finite element method with a piecewise appliqation of the Ritz
method to the St. Venant torsion problem. Enginé;ring prok-
lems, however, provided the real motivation for its development
(Argyris, 1954; Turner, et al., 1956), while
its relation to the Rayleigh-Ritz-Galerkin principles was only
later recognized and used to advantage. It is not ﬁy intention
‘here to outline the whole theory, for an excellent mathematical
text is available (Strang and Fix, 1973). Instead the emphasis
is placed upon the solution of the quasi-static viscoelastic
problem using the operational formulation.

Common to all finite element problems is the variational
formulation of the equations. These can be developed by
using the principle of 'virtual work' for elasticity theory
(Fung, 1965, sec. 10.7), by introducing the thermodynamics
of £he system (Biot, 1965, 1970), or by appealing to various
mathematical operations as the Galerkin method (Strang and
Fix, 1973, sec. 2.3). It is fundamental to remember, however,

that the variational principle determines the boundary
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conditions satisfied by the trial or interpolation functions
for each element. The variational statement represents the
primary physical principle, and the differential equation and
boundary conditions are only a secondary consequence. Care
must be taken then to preserve the proper boundary conditions
within the variational principle. The results will be obvious
as the finite element approximation emerges from the varia-

tional principle.

- .

Let us begin with the simplified displacemen£ variaticnaal
principle developed in the previous section for viscoelasticity.
Although the operational form in the Laplace domain is used
for the derivation, the results are exactly analogous to the

elasticity problem. The transformed operational variational

principle is given by equation (2.2.11) if eij = l/z(ui,j+uj,i):
T = el * *Je. - F *du - *Ju
T = fvu/zc;ijm e, *dey - Fy*du;ldv [B (5;*du, )da
Lo}
(2.3.1)

when the integrations are carried over the volume V for the

region and surface area B0 for the applied tractions Si' The
bar denotes the Laplace transform of the function. Associated
with this operational variational principle are the following

Euler equationsand boundary conditions in the Laplace domain:

g.,. . +F. =20 3.
ij,3 i (2.3.2)

= §, on B (2.3.3)
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Now the approximation requires an interpolation function for
u applied to each element, then summing the contributions
of the elements.

The interpolation function for the subregion must satisfy
certain conditions in displacement: Eﬁrst, rigid body motions
must be possible. This is a consequence of the essential
boundary conditions. Second, the admissible space of the~
derivatives in the variational principle must be represented
in the interpolation. Finally, the set of functions should
be complete between the lowest and highest degree of approxi-
mation. With the variational principle (2.3.1) the inter-
polation of u must contain a constant displacement term u, and
at least the linear term to represent the first derivative.
Polynomial interpolation such as Hermite splines give the best
and most complete representation. A discussion of this
problem may be found in Strang and Fix (1973); here it will
suffice to assume a polynomial representation is optimum.

Let us represent the function (i.e. displacement) u as
a sum of the basis or interpolation functions'¢j. If the
problem is discretized, nodal parameters qj can be associated
with each element. Each of these qj is the value at a given
node zj of either the function itself or one of its deriva-

tives. Thus one has for trial function vh

Qs = D-vh(zj) (2.3.4)

J J

when Dj is the differential operator of order j. For each
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element specific nodes are assigned for the approximation as
illustrated in Figure 2.1. Now a trial function ¢j is
assigned to each nodal parameter qj having the following
property: At node zj, Dj¢j equals 1, while at all other nodes
the interpolation function is zero. One has

Dyos(z,) = 85 (2.3.5)

Within the element the displacement trial function then becomes

h _
u o= qu¢j (2.3.6)

This represents a local basis within one element.
If the variational principle is now considered as the sum
of each element's contribution, one arrives at the following

form after introducing matrix notation:

T = ¥ { [1/2& G de-qu'Flav - | (TaT8)da} (2.3.7)
n V - ~ ~ -~ -~ B -~ -~
g

The interpolation basis function can be represented by

du = ¢q ' (2.3.8)

and

=
1]
e

i? = E¢q (2.3.9)

where E represents the strain operator, ¢ is the interpolation
function, and q represents the nodal values. The operator E

depends upon the coordinate system and particular element.
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Figure 2.1
Configuration for representative elements. Nodes Zj de-
fine each element, where the values qj approximate the trial

function}f at node Zj'
"
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Fig. 2.1
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-
¢

&t

Substituting these into the variational principle,yields

7= 1@ - TC) (2.3.10)
n
where
k = 1/2 f ¢ ETGE¢av (2.3.11)
Q%= [ ¢"Fav + [ ¢ Sda (2.3.12)
. B *

Here g have been removed from the integrals éincéfthey
represent the nodal values. All the elements may now be

summed obtaining a matrix of the form

s

T=gKg -g0 (2.3.13)
where
K=}k (2.3.14)
=Lk
0=70o° (2.3.15)
TR
The quadratic form for 7 is minimized when
Kg = Q (2.3.16)

Thus we need only solve this matrix equation.

The solution technique is improved if we observe certain
properties of the matrix K: first, K is banded if care is
taken when numbering or ordering the displacements q . Each

-~

position in K represents the coupling between two niodal
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values; an entry will generally occur if the nodes are adjacent
to one another. Thus adopting a uniform and sequential order-
-ing scheme for g drastically reduces the bandwidth of K and

its storage requirements. Second, K is symmetric and
positive-definite since a&jkz are always positive. Under these
circumstances Cholesky factorization and forward-backward
substitution provides an efficient solution strategy for the
problem (see Wilkinson and Reinsch, 1971, Part 1).

As one might have forseen, the elements ;nd'iheir basis
functions havé a crucial position in the method. The degree
of the approximation dictates the minimum possible bandwidth,
but also the accuracy of the approximation. For example, if
a linear approximation to the displacement u is used on a
triangular element, stress will be constant throughout the
element (hence the name Constant Strain Triangle), and six
degrees of freedom are required for a two-dimensional element.
The error for the displacement is proportional to h2 where h
is the characteristic dimension of the element (Strang and
Fix, 1973, chapter 1). Introducing a quadratic approximation
and six nodes or twelve degrees of freedom on the triangular
element vastly improves the accuracy. One now has a linear
approximation in stress and h4 error in displacement; however,
the bandwidth is increased with twelve degrees of freedom for
one element giving a corresponding increase in solution time

b

(Strang and Fix, 1973, sec. 1.9). A trade-off exists then
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between the order of the approximation and the solution time.
It may Be more expedient to use more three node than six node
triangular elements to achieve a desired accuracy for the
displacements. The most desirable element for stress approxi-
mation is not obvious for most circumstances, since the twelve
degree of freedom triangular element can make an immense
difference (Desai and Abel, 1972, sec. 6.2). For the visco-
elastic computations both six node triangular and four node
isoparametric quadrilaterals also improve thelstf;ss approxi-
mation. Each problem, then, poses different conditions re-
quiring careful thought for the grid structure.

The singularity introduced by the fault (i.e. crack tip)
strongly effects the element configuration. The coﬂvergence
error associated with the singularity depends on the dimension
of the element and not the order of the approximation within
the element (Strang and Fix, 1973, chapter 8). Unless a
special element containing a singularity function is intro-
duced, the grid must be more refined near the crack tip.

For these computations I have opted for increasing the number
of elements rather than using a singularity function.
Arbitrary displacements are necCessary along the fault which
implies singularity functions for each element along the
whole fault. This complication would significantly effecf
thé'bandwidth and computational speed, negating the effort
required for development and incorporation of these singu-

larity elements.



A2-16

2.4 Modified Variational Principle for Hydrostatic Stress

Gravity introduces prestressing into the media which
can be reduced from the variational principle. Biot (1965)
has extensively treated this problem; his development will
be cited in this section. The finite element method intro-
duces special problems since the symmetry of the banded
matrix must be maintained. The terms representing hydrostatic
prestressing, however, retain a bilinear form allowing a
simple transformation to a real symmetric quadragic matrix.

When the hydrostatic component of the initial stress is
removed from the variational principle and only residual or
deviatoric stress is expressed, two additional terms are
introduced which represent the work of the buoyancy~forces

(Biot, 1965, sec. 3.6):

ap
£
Y = pijuje + 1/2 Xj =—— u.u. (2.4.1)

Bxi i3]

Here Pe denotes the fluid density of the media producing the
hydrostatic stress; Xj is the j component of the body force;
e is the dilatation; and u are the displacement components.

The first term, pijuje, expresses a buoyancy effect arising

9p
from a change of volume, while the second, 1/2 X. — u.u.,

Joox, "i7j
i
represents a buvoyancy generated from the displacement and the
density gradient. The latter term appears as an elastic
force proportional to the displacement directed normally to

the equipotential surfaces. The modulus is proportional to
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the product of the body force magnitude and the density gradient;
hence, dépending on the sign, it may be stabilizing or destabili-
zing.

To incorporate these terms within the finite element method,
they must be represented in a symmetric quadratic form. We can
represent the dilatation e using our nodal approximation in the

finite element method (see section 2.3)
e = E}Qg = "3 (2.4.2)

where u = ¢q for the displacements and § represents the strain-

displacement operator. Thus a bilinear form also results for Y:
T

Hh

T TP
a

Y = g (o) "Eag + 1/29"a" 5 Xog (2.4.3)

5

Any real bilinear matrix A can be transformed to a real

symmetric quadratic

§TCx (2.4.4)

~ ~

c = 1/2[a + A"] ~ (2.4.9)

This formulation, then, readily accommodates initial hydrostatic

prestressing within the media.

2.5 PFault Zone in Finite Elements

An earthquake fault zone is analogous to a crack or
internal boundary condition within the media. Different

boundary conditions are possible along each face of the
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crack: a stress boundary implies a constant stress drop
while a displacement boundary signifies a Somigliana disloca-
tion (Bilby and Eshelby, 1968). 1In this section a method is
indicated which incorporates either boundary condition along
a fault so long as linearity assumptions are maintained for
the deformation.

For simplicity let us consider a displacement dislocation
along a crack or fault represented by Au = uffu_ . This
internal *oundary can be represented by two adjaégnt nodes
with a prescribed displacement between the nodes. Each node
is then free to deform within the media; yet their location
relative to one another defines the dislocation. Figure 2.2
illustrates this configﬁration. To implement this étrategy
using the finite element method requires little additional
effort if the coordinate system of the variational principle
is transformed along the fault. We must express the absolute
coordinates along one fault interface in terms of the opposing
face. Assuming the elements have been assembled into a stiff-
ness matrix, we have the following variational principle (see

section 2.3):
T o= gTKq - ng (2.5.1)

~

where g are the nodal parameters or generalized coordinates,

-~

K is the stiffness matrix, and Q represents the nodal forces.

If the matrix is partitioned into sections
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Figure 2.2

Representation for fault (or crack) within finite ele-
ment region. Considering a pair of nodes, we define the u,
coordinate in terms of uy (u2 =u + Au) along thelinternal
boundary.
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- — - e p— -

la, 9 4q,] Kea ¥ga Kyal | % lq, 95 2] | Q,
"= Kga Xgg Fys| |98 - Q8
K, K
va Fye vy | % ©
(2.5.2)

where a are coordinates in the continuum, B are coordinates
along one fault interface, and y are the coordinates along

the opposing fault interface. Introducing a new coordinate

where - -
= + .5.
9, = 9g A, (2.5.3)
we obtain
a. a, &1 |x 'k, + K K o] ¢ qu ]
a B aa : Ba ya | Tya a \qa B 2
______ e
+ K_ | + K _!K , +K -
T = KBa Yu|KBB YY I YvB vv{|98 QB+QY
_____ rtiékégp_ L
'k  +K _IK A
K
o 2y T Fyy o vy 01 2.5.0 |9 ]

A now represents the dislocation along the internal boundary
independent of the coordinates; it can eithsf*E%,a free
parameter or prescribed along the interface.

Introducing this coordinate change simplifies the
computations and properly simulates the dislocation. Jungels
and Frazier (1973) express the fault dislocation in the
force or inhomogeneous vector Q . This representation com-
plicates the bookkeeping associated with assembling the
elements. Each element location and submatrix adjacent to
the fault must be retained in addition to any rows and

fga, hed— e ComcTy G nak,
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columns of the K matrix for successive application of the
fault displacements. If instead the fault is prescribed in
the absolute coordinate frame (i.e. left in q), the problem
is completely wrong. Rigid body motions of the crack or
fault are then impossible. McCowan, Glover, and Alexander
(1974) and Shimazaki (1974) are among those that have
committed this error. The coordinate change appears then

as the most efficient strategy to incorporate the fault.

-

*

2.6 Inversion to the Time Domain

Essential to the use of operational variational methods
for transient problems is the final inversion to the time
domain. A strategy is needed giving accuracy comparable to
solutions in the Laplace domain, but unwarranted accuracy
would be inefficient. Thus using Fast Fourier transforms are
very inefficient for they require too many solutions and
exact evaluation. Schapery (1962) developed, instead, a
technique based upon the thermodynamic propgrties of linear
viscoelasticity: apart from steady flow, the time dependence
of all coordinates is given by a series of decaying exponen-
tials (Biot, 1958). Schapery went on to prove uniform con-
vergence for a finite sum of decaying exponentials and to
demonstrate its power with the Rayleigh-Ritz method. But
recognition of its potential usefulness to the finite
element method is due to Adey and Brebbia (1973).

A
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To prove this property of time dependence for the
coordinates, we must first indicate certain properties of

the kernal G, in the Stieljes convolution or ‘'hereditary

jk2
integral' (equation (2.2.1)). Using the thermodynamics we

can prove the following assertions (Christensen, 1971):

from the requirement of non-negative work.
IT 2.6, .(t) <0 (2.6.2)

ot "ijki ~

from the requirement of non-negative dissipation or

increasing entropy.

32 ‘

< _ > .6.

III 3t2 Gijkz(t) >0 (2.6.3)

if we require a fading memory behavior.

These conditions are fulfilled if we assume a prony series

representation:

N -t/t
G (t) = JG e o
a ney ¢

T+ (2.6.4)
Steady flow introduces a differential operator into the
kernal. Biot (1958) has proven equation (2.6.4) represents
the solution of the normal coordinates for a hereditary
material. A concise treatment of this proof may be found
in Fung (1965, sec. 13.5).

Once the form of the kernal Gi' has been established,

Jke
the Laplace transform gives the operational moduli (Biot,

1958; Schapery, 1962):
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2 3 1ks + pGS, (2.6.5)

13k2 p+l T 13k2 ijke

where T, are the relaxation times and p is the Laplace
transform variable. Each matrix is symmetric, real, and

positive semi-definite; i.e.

° s n

Gijkz ’ Gijkz , G. > 0 (2.6.6)

ijkL -

but the matrix made up of the sum is positive definite:

(-]

n S
[E Gijk£ + Gijk2 + Gijm]elJ kg >0 (2.6.7)

If the operational moduli Gijkz is now substituted into the
operational variational principle, one can now prove the
following conjecture (Schapery, 1962, 1964):

=) sn(l—e-t/yn) + s +s5t (2.6.8)

n

where Y, are the relaxation times for the series. We have
assumed the relaxation times are independent of position
within any one element and a finite number of degrees of
freedom are used for q. These assumptions are completely
consistent with the finite element method.

This relationship suggests a very simple procedure to
calculate the time-dependent displacements (or stress) from
our operational-variational principle. Provided that the
undisturbed linear visccelastic body is subject to prescribed

loads and displacements which are step functions of time
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applied at time zero, we can denote the stress or displacement

response by

plt) = po+yp°t +Ap(t) (2.6.9)

where y° and ws are constant with respect to time and Ay(t)

is the transient response:

ap(t) = fo(mre ¥ Tar (2.6.10)
0

¢ (1) represents the temporal spectral distribution function
of the variable 1. The function may consist of discrete

frequencies represented by Dirac delta functions, ie.
n
(1) = ] 05 G(T-Ti) (2.6.11)
i=1 -

One obtains then the series representation as in equation
(2.6.4):
-t/'ri

$; e (2.6.12)
1

e~

Ay (t) =

i
Representing the displacements or stress response by equation
(2.6.9) for Y(t) and using Ay (t) implies that the Laplace
transform ¥ (t) has singularities only on thé non-positive
real p axis, and that all poles are simple, except at the
origin where a double pole is possible (Schapery, 1962, 1964).
The simplicity of the Laplace transform of y(t) suggests
that a reasonable approximation to the displacement solution
is possible using collocation or least-squares (Schapery,

1961, 1962). 1If the transient response is given by the
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prony series

n
Ay = S.(1 - e (2.6.13)
D i£1 i | )

where Y; are prescribed relaxation times, the unspecified
coefficients Si are readily calculated by minimizing the
total squared error between the actual displacements Ay
and the calculated displacement AwD. This total squared

error is

e = [ Ay - Alezdt (2.6.14)
0

with the minimization yielding

2 © -t/Y. .
-1/2 %g— =0=/ [Ay - Ay le tat i=1,...,n
i 0 (2.6.15)

Collocation results in n relations between the Laplace

transform of Ay and Ay evaluated at 1/Yi :

Aib(p)p=1/yi = Aﬁ(p)pﬂ/Yi i=1,...,n  (2.6.16)

Substituting the Laplace transform for Ay, and multiplying
by p, we obtain a convenient form for the variational

solutions:
S.

)

[pay (p)1__ = T
P=1/v j=1 1 + 74P p=1/7,

j=1l,...,n
(2.6.17)

-

Additional p for evaluation allows calculating y° and ws

in the series (2.6.9), or using a least-squares solution
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to (2.6.17). pAY(p) is just the finite element solution
using the operational-variational principle for linear
viscoelasticity. Thus the coefficients Si when substituted
into the series (2.6.13) and (2.6.9) immediately yield the
time~-dependent solution.

The total squared error involves both the accuracy of
fitting the series to the calculated displacements and the
numerical error introduced when the transformed displace-
ments are calculated with the finite element method.
Consequently, if an approximate inversion has been obtained
with n terms and it is desirable to reduce the squared error
by using additional terms, it will often be necessary to
evaluate the transform AV(p) and AWb(p) with increased
accuracy. When the transforms are calculated with enough
numerical accuracy, the total squared error (2.6.14) indicates
that, if they are evaluated sufficiently close for 0<p<= ,
the error of the time-dependent approximation is arbitrarily

small.

2.7 Boundary Conditions

Application of the finite element method to a problem
normally occurring in a half-space entails artificial boundaries
within the media. A slice of the media is taken rather than
the half-space. In elastostatics we can appeal to the simi-

larity between a fault within a half-space and Saint-Venants
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principle: the application of a system of forces statically
equivalent to zero force and zero couple to a small part of
a body's surface produces strains that are of negligible
magnitude at distances which are large compared with the
linear dimensions of the part (Fung, 1965). A fault,
however) does introduce couples; thus, we must carefully
investigate its effect, particularly for time-~dependence.

Two approaches to simulate the boundary of a half-
space suggest themselves. The first follow;‘frgh the flexi-
bility afforded by the elements: we grade the element
dimensions for the desired resolution. Near the fault the
elements are fine, while along the boundary far from the
fault, the elements increase in size. This maximizes the
distance between the boundary and fault for a given number
of unknowns. But this is nothing new.

An alternate strategy simulates the half-space on the
boundary. This is analogous to Boussinesq and Cerruti's
problem in elasticity: we desire the relation between
displacement and force for the surface of an elastic or
viscoelastic half-space. Since the two dimensional analogue
of Boussinesq's solution does not tend to zero at infinity
(Love, 1944 art. 150), we examine the behavior using an
empirical relation. Boussinesq and Cerruti's problems
indicate a linear relation between surface displacements u

and load P for a half-space (Fung, 1965, sec. 8.8).
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P = au (2.7.1)

We can postulate a similar relation for the boundary of the
region to simulate the infinite continuum. Along the diagonal
of the stiffness matrix an additional constant a for the
elastic éupport relates the displacement and reaction. This
is equivalent to altering the variational problem for the
new boundary condition. A term 1/2aijuiuj ente;s the varia-
tional principle along the surface specified by these
boundaries.

To estimate the best value for o , we compare an
analytic solution for a fault within a half-space to the
finite element method. Another comparison uses a sécond
finite element model constructed by reducing the size of the
original model. Varying the boundary conditions then allows
a best fit for the reduced model to the original. Using
this analogy to a half-space, a noticeable improvement

occurs for the reduced model.



APPENDIX B
TEST PROBLEM: Pressurization of a viscoelastic cylinder

with an elastic case.

We desire a problem with an analytic solution for
comparison to the numerical method. A problem often en-
countered in engineering literature is the pressurization
of an infinite viscoelastic cylinder enclosed by an elastic
case. Using the correspondence principle of viscoelasticity
and the elastic solution, we can compute an analytic
solution. The strategy is similar to the operational
form of the variational principle, except the Laplace
transform of the Euler equations reduce to equations
analogous to the elastic problem (Christensen, 1971).
Thus elastic solutions are applicable when the elastic
moduli are replaced by the corresponding transformed
viscoelastic moduli. We then transform the operational
solution in the Laplace domain to the time domain. Using
this approach, Lee et al. (1959) have calculated the
stresses for an externally reinforced viscoelastic
cylinder. These results allow direct comparison with our
finite element solution.

The numerical solution uses the method previously
outlined: finite element solutions in the Laplace domain
and a series inversion usinyg collocation to the time

domain. In addition, a finite element solution using
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stepping in the time domain is available (Zienkiewicz,
et al., 1968). Assuming a Maxwellian viscoelastic behavior
in shear and elastic behavior for the bulk modulus, the

constituent relations are:
R(t)= [k(t)- u(t)]6 §k2+1dt)[alk 38 5iz5jk] (B.1)

where k(t) is the bulk modulus relaxation function and u(t)

is the shear modulus relaxation function. Therefore one

has t Gekk(_r)
o.. =6.. I [k (t- T)‘—U(t'T)]—————- dT
1] 1] 0
(B.2)
t de, . (1
v2| w3 ac
T
0
where the relaxation functions for our case are
k(t) = K (B.3)
and y
-t/ T
u(t) = e ' (B.4)
For the thin elastic case, these moduli are set to
K = 3.778x10’ 1b/in’; u, = 1.1525x10’ 1b/in%; 1 = 1.  (B.5)
The relaxation time 1 is in arbitrary units. For the
internal viscoelastic cylinder these take the values
K =1 x 10° 1b/in%; u, = .375 x 10° 1b/in?; 1 = 10%
0 (B.6)

Thus the case is essentially elastic.
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The element configuration adopted for the problem
is given in Figure B.1. The elements are all constant
strain triangles. The boundaries simulate a full cylinder;
free slip is specified along the edge of each quadrant.

The interior is then given an outward, arbitrary pressure
of one unit. Finally, the inversion of stresses to the
time domain uses five reduced times.

Figure B.2 illustrates the principle stresses for
two times, zero and ten, plotted on the element array.

The zero time is obscured by time ten except where a
tensional hoop stress occurs along the inner boundary.

The ends of the tensional stress are denoted by small
asterisks superimposed on the isotropic stress at time ten.
The stiffer elastic case receives the brunt of the ten-
sional hoop stresses as the shear modulus relaxes within
the viscoelastic cylinder. These results correspond pre-
cisely to both our intuition and the analytic solution.

The results for the radial stress, 0.+ are given in
Figure B.3 with a comparison to the analytié solution of
Lee, et al. (1959). The results correspond very favorably
when the individual elements are properly averaged for each
radial distance. The elements, constant strain triangles,
do not give exceptionally accurate results since stress is
constant throughout the element. Better results occur when

adjacent elements are averaged to obtain an approximation



Figure B.1l

Finite element net for viscoelastic cylinder with
elastic case. Using plane strain, one quadrant.simulates
the full cylinder when slip boundary conditions are applied
to the faces. The origin then represents the center of
revolution. Shaded elements correspond to the visco-
elastic medium; the surrounding, thin elastic case
conforms to the outer, unshaded elements. The inner
arrows represent the pressurization of the interior at

time zero.
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Figure B.2

Principle stresses plotted on the element array.
Two dimensionless times, 0. and 10., are shown in the
diagram. The length of the line segment denotes the
magnitude normalized by the pressure; the orientations
correspond to the minimum and maximum stress. The scale
is in the upper right. Asterisks mark the ends of the
tensional stress. Note that time 10. generally obscures
time 0. except when the asterisks are visible. By time 10.
the stress within the viscoelastic cylinder is virtually
isotropic; the elastic case absorbs the tensional hoop

stress.
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Figure B.3

Normalized radial stress from the finite element
solution compared to an analytic solution by Lee, et al.
(1959) for pressurization of a viscoelastic-cylinder with
an elastic case. Three times are shown after pressurization:
0., 1., 10. The symbols indicate the finite element
solution at specific elements; the lines are the analytic
solution. Averaging two adjacent elements yields the
best approximation since CST (constant strain triangles)

give constant stress. The comparison is then quite good.
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midway between the two (Desai and Abel, 1972). One
effectively obtains then a second order approximation
similar to a six node triangle.

The solution given by Zienkiewicz, et al. (1968) re-
qguires many more individual solutions than the operational
strategy. His solutions use time increments of .1l; thus,
100 solution steps span the time domain. This is 20 times
more than the transformed solution. An iterative solution
technique can sﬁccessfully be apnlied to save time for both
methods. It was not used for the transformed principle since
many unique solutions are required for the fault plane in-
version at each reduced time. The inversion solutions are
also impossible with the time-stepping strategy. kThe
operational strategy requires then only one twentieth the
solutions as an efficient stepping method, not to mention
the versatility gained for inversion problems and the avoid-

ance of error propagation.
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PROGRAN STAGE:

APPENDIX C.1
C STAGEi® PROBLEM SETUP
PROGRAN STAGE] (INPUY ,OUTPUT, TAPES=INPUT , TAPEG=O0UTPUT
i TAPES, TAPES1)

c
C NOTE? LENGTH OF REALK SUFTTCENT FOR UP TC LG IF LK=(006
X
DINENSION REALK(2)
DIMENSION DUM{108),IDUN{108) NODE(13) UNITC(4)
DIMENSION XC(6),EQUND(3)
DIMENSION TITLE(20),COORD(3,8) ,FDCON(4,2000), IFBCON(3,2000),CC(1D)
LOGICAL DUT,SKIP
LOGICAL OLDNRK ,GNALT,CRAV,GRAVS, GRAVB, DLDSOL,DISP, LDAD, RNODE,
i RCOORD
EQUIVALENCE (REALK (1), INTGRK (1) ,FBCON:1,1), IFECON(E, 1)
EQUIVALENCE (DUM(1), IDUN(1))
EQUIVALENCE (HASHI, IHASHY )

LEVEL 2,REALK, INTGRK ,FBCON, IFRCON

COMMON/T0/KR KN, KP XT1,KT2, K13, 00T
COMMON/SIZE/NET , NDT, NETHEW, NDTNEW, LNODNW
COMNON/BESIN/ICON, IKDUNT, TLNZ, INASTK , 16, I
COMMON/END/LCON, LKOUNT , LLNZ, LMASTR L0, LK
CONHON/BLD/KPTR, LREC , IREC
CONHON/BLDI0/XTOMR { 204)
COMMON/ TNDEX/ INDEXS (1 800)

COMMON/PROB/HASH , DLDWRK ,LENGTH, GRAV, GRAVS, GRAVE, GNALT  NFLT  NLAP
i NDIN,DISP

COMMON/GRY/NGRAV, RHOF ,DRHD(4)  XF (D), NODG:( 4)
COMMON/ROT/IRON, JROM, KROM, ZANGLE , YANGLE . YANGLE
COMMON/BOUND/NBON, TINE ,DP

COMMON/K  /INTGRE(S000D)
EQUIVALENCE (TIME,ITIHE)

DATR KPTR/1/,LREC,/2048/,IREC/ 1/

DATA LOAD/.FALSE./,RNDDE/,FALSE./,RCOORD/ . FALSE. /,OLDWRK/ . FALSL./
DATA NDIM/2/,0UT/.TRUE./,GHALT/ FALSE..”,GRAV/ .FALSE..

DATA GRAVB/.FALSE./,GRAVS/.FALSE./,0LDSOL/ . FALSE./

DATA DISP/.FALSE./ RETNEW/8/ NDTNEW/0.,LNODNW/0/

NAMELIST/IN/NET,NDT ,OLDWRK ,ND1M, GHALT , GRAV, GRAYB, GRAVS , OLDSOL , THK,
£ DISP,RNODE,RCOORD, NDIN,LDAD, NETNEN  NDTNEW, LNODNW
NANELIST/IOK/KR, KW, KP,KT1 ,KT2,KT3, OUT
NAMELTST/SET/NCON, HASTRL
c
CRBEBEREERILERRRRBERRRIAREE LR AREERARRKRRARRNLSRERERRIRLRLAEXRSLTIRRLRLS
C
C SET INITIAL VALUES—----- - - —
¥

LENGTH=3080000
KR=5%
Kh=6

"6/76 0TI CTN 4 CeabsIl8 23 N0

79 45,53.25 PACL

C.1-1
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Kp="
C WORKFILE - THESE ARE FIXCD FOR RLAD
KTi-1i
SOLUTION FILE OLD - SRLAD
K12=12
€ NEW SOLUTION FILE - SELD
ET3=43
READ (S, 10K)
CALL OPENMS(11,INDEXY,1900,0)

™

[ 2w ]

READ MODEL SETUP-- - - === =mmmms smms mo mimmmais o oo

READ(KR,IN)
READ(KR,SET)
NLT=NET-NETNEW
ND1=NDT-NDTNEN
CALL SETUP(LENGTH,NCON,NASTRL REALK  INTGRE )
IHASHI =NETAS2+NDT
READ(KR, 1) (TITLECD),I=1,20)
10 FORMAT/28A4)
C
€ MNASTER ASSEMBLY LIST -~ vmmmmmmmmmm cmm e cmts i
C--  ZERD MASTER ASSEMBLY LIST
DO 1070 1=IMASTR,LMASTR
1090 INTGRK(I)=0
C
€ IF GENERATE, GMALT=T
IF(GKALT) 60TO {200
C
iI=0
IC=NET+INASTR
1100 CONTINUE
READ(KR,20)IET, (NODECI},1=1,18)
IF(IET.EQ.9)60TD 1300
IF(JET.LE.NETNEW)GOTO 1100
IET=IET-NETNEN
NREARED]
20 FORMAT(14,1814)
INTGRK ( IMASTR+IET-1)=IC
IF (RNODE)GOTO 1115
C---~-READ DEGREES OF FRCEDOM FOR ELEMENT
I1=0
1140 II=11+4
IF(NODE(TI).EQ.0.0R.I1.G7.48)GOTO 1120
IF(NODE(II).LE.NDTNEW)GOTO 9100
INTGRK{IC)=NODE{II)- NDTNEW

IC=IC+y
GOTO 1110
C---~~READ NODES - CONVERT TO DOF
1115 11=0
C-~==-emm----~-~TENPORARY CORRECTION FOR HEXE,STRIKE{
C1415 II=4

C---.._..--... - —

1146 I1=11+4
C--TENPORARY CORRECTION TO PETERS PROGRAM, NEXT J STATEMENTS

PROGRAM STAGES 76/76  OPT= FIN 4 5+4498/320 23 MOV 7% 15.58.25
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129

139

149

145

150

155

160

165

PROGRAN STAGEA. 78/76  0PT=2

L1145 115
Ciite 11=11-4
C  IFCIL.EQ.0)60TO 4120
IF{NODE(IT).EQ.0.0R.11.GT.18)60T0 1120
NODE(11)=NODE (11)$NDIH-NDIM
IF(NODE(II) .LT.NDTNEW)GOTO 9109
DD 1447 I=1,NDIN
1447 INTERK(IC+I-1)=NODE{IT)+1-NDTNEW
IC=10 +NDIN
C-------TENPORARY CORRECTION-HEXS,STRIKE
T ir{I1.EQ.8)I=4
C  IF(ILEQ.)II=R
c..---.. -
GOTO 1416
1420 CONTINUE
1150 CONTINUE
GOTO 1196
1200 CONTINUE
CALL HALT
1300 CONTIMIE
INTGRK(1C)=0
IC=IC
C CHECK FOR 7ERD ELEMENTS
IF (13, ME.NET)WRITE (KW, 28) 11, NET
28 FORMAT(§ ------ ERROR 1N AGSEMBLY LIST-- ----=ELEMENTS,NETH,2140)
IFCIC. 6T.LNASTR)WR1TL (KW, 29) IC, LNASTE
29 FORNAT($ -----ERKOR IN ASSEMBLY LIST---- --IC,LHASTRE,215)
DO 1320 1=INASTR,IC
IFCINTGRK(T).EQ. D)MRITE (KW, 30)1, INACTP i HASTR, 1T, THAGH1 , NDTNEW, NDIH,
i NET,IET
30 FORMAT($ ---—--ERROR LN ASSENBLY LIST --- -LOCATION=Y,1¢,-,714D)
1320 THASHi=IHASH] ¢ INTGRK (141
C
C QUTPUT PROBLEN FOR CHECK---n- —=nm-mmmmms <= mmmsmoims s omcme o e
C
WRITE(KN, 1400 (TITLECD) , T=1,20)
110 FORMAT{1H1,2004)
WRITE (KW, IN)
WKITE (KN, 120)NET, NDT
120 FORMAT(AX,7//,8  NET=4,16,% TOTAL NUMBER GF ELEMENTSH/,
1 3,8 NDT=k,Ii,% TOTAL NUMBER OF DEGREES OF FREEDOM {CONSTRAINED
2 AND UNCONSTRAINED). /)
WRITE(KW,130)KR KW, KP K1 KT2,KT3
130 FORMAT(% TNPUT-OUTPUT UNITS? KR=%,12,% KM=3,12,8 KP=,I2,/,
1 8 KTi=#,12,8 VORKFILES,/, & KT12=8,12,% OLD SOLUTION FILES,/,
2% KT3=4,12,% NEW SOLUTION FILER//)
WRITE(KW, 149) ICON, LCON, IKOUNT ,LKOUNT , TLNZ,LLNZ, INASTR , L MASTR,
1 1Q,L0,1K, LK
140 FORMAT (X ADDRESS INDEX PARAMETERS? KEGIN/ ENDS/,
§ 28X,% ICON/LCON<%,216,% GLOBAL NUMBER CONSTRAINT VECTORS,/,
2 16X, % IKOUNT/LKOUNT=2,214,% DIAG. AUDRESS OF ROWK,/,
3 20X,% ILNZ/LLNZ=%,216,% LEAD NON-ZERO COLUMN, DOFS,/,
4 16X,8 INASTR/LMASTR=S,216,% NASTER ASSENBLY LISTS,/,
5 24X,% IQ/L@=K,216,% FORCE/DISPLACENENT DOFK,/,
b 24X,8 IK/LK=8,216,% MASTER STIFFNESS WATRIXS,///)

Vs

L

FIN 4.£+498/220 23 MOV 77 15.58.25
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Cl-4
WRITE(KN,150)
150 FORMAT (M1, SMASTER ASSEMBLY LISTH)
IF{OUT)MRITECKW, 155 ) (INTGRK (1), I=IMASTR ,LMASTR)
155 FORNAT(H ,2016)

170 c
C ALLOCATE SPACE FOR WASTLR STIFFNESS MATRIY-------r==nms ommmmsnmmmes
C
CALL OPK(LENGTH,REALK , INTGRK)
C
175 C WRITC MORKFILE FOR PROBLEM SETUP------- - -=res: <= =omo -omeomm oo
c

CALL BLDC20,VITLE,KT4) RETURNS(9008)
CALL BLD(b,KR,KT1) ,RETURNS(7600)
CALL ELD(S,NET,KT1),RETURNS(9000)
130 CALL BLD(6,ICON,KT1),RETURNS(9000)
CALL BLD{4,LCON,KT1),RETURNS (7606
CALL BLD(11,HASH1,KTi) RETURNS(9000)
CALL BLD2(LMASTR REALK (1) KT1),RETURKS:“000)
LEN=LG- IR+
i85 CALL BLD2(LEN,REALK(IQ) KTi),RETURNS(7081)

C----- READ COORDINATES
) INPUT UNITS FOR SMALLEST CODRD. FIRST, POUNDARY IN ORIGCINAL
) UNITS FOR BEND, THEN UNITS FOR LARGE? COORD
190 READ(KR, ¥)(UNITS(281-1) BOUNDCI),UNITS{Z81),I=1,NDIH)
DU 1398 I=1,NDIN
XC(281)=D,
XC(2%1-1)=BOUND(T 38 (UNITS(24I)-UNITS(Z81-10)
1390 CONTINUE

195 MRITE(KW,158) (UNITS(2¥1- 1) ,UNITS(231)  BOUND(1),I=1 NDIM)
156 FORMAT (X0CODRDINATL UNITSH, 10X, #BOUNDARY IN ORIGINAL URITSY,/,1X,
i 1P3E10.2)
1F (. NOT,RCOORDIGOTE 1500
11=¢
208 =2

1400 READ(KR  $)LNOD, (COORD(T,7) ,1=1,NDIH)
IF (LNOD.EQ. 0)60TD 1495
IF (LNOD. LE.. LNODNW)GOTO 1480
LNOD=LNOD-LNODHW
205 11=11+4
TT=IK +{LNOD-1 ) SND1H
DO 1410 I=1,NDIN
1410 REALK(JJ+1)=COORD{1, 1)
GOTO 1400
21 1456 IC=INTGRK (INASTR-1 +LNU)
DO 1460 J=1,LNOD
NOD=INTGRK (IC+NDIH-1 ) ‘NDIM
IT=IK+(NOD-1) SNDIH
DO 465 I=1,NDIN
245 §465 COORD(I,J)=REALK(1141)
IC=1C+NDIH
1460 CONTIMUE
GOTO 1545
1498 WRITE(KW, 16811, (REALK (IK+1), {=1,HDT}
! 160 FORMAT(§ -----~ ERROR IN COORD.------ ¥,15,/,(1X, 1P10ELL.3))
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Ct1-5
STOP
1495 IF(11.NE.NDT/NDINIGOTO 1490
€ READ ELEMENT INFORMATION AND OUTPUT TO BLD----n-sm-m--mv - wmmmmenme
C
225 1560 CONTINUE
SK1IP=. FALSE.
READ{KK, $)LNUN, LNOD
IF (LNUH. EQ. 0)60TD 1660
1F {LNUM.LE . NETNEW)SKIP=. TRUE.
230 LNUM=LNUN-NETNEW
IFi . NOT,RCOORDIREAD(KR, ) ((COORD{I, 1), I=1 ,NDIN) , J= ,LHOD)
READ(KR, $)KC, NGRAVS , KO, YGRY
READ(KR, $)(CL(T),I=1 KO
IF (NGRAVS . EQ. 0)G0TO 1540
235 READKR .8) (NODG(I) , DRHO/T) , 1=1, NGRAVS
210 FORNAT(2IS)
215 FORMAT(BE10. 4)
220 FORMAT(110,7E40.4;
275 FORMAT{2E18.4,110.
240 230 FORMAT(8E18.4)
1540 CONTIMUE
C READ LDADS AT LOCAL NODE WUMHERS
1F (.NOT.LOAD)GDTO 1543
READ(KR , $)NBON
245 IF (NBON.EQ. )60TD 1543
READ{KK ,8) (IFECON{1, 1), ¢ ECONCJ+1. 1), J=1  NDIM) , 1=1 , NEON
1543 CONTINUE
IF{SKIP)GOTO 1500
IDUM(1 ) =LNUK
259 1DUN(2)=LNOD
13=2
IF (RCOORD)GOTO 1450
1545 CONTINUE
D0 1526 J=1,LNOD
255 DG 1526 I=f,NDIN
13=134
1=
IF(COOKD(1,}) . GE. BOUND{1)) Ti=0
1520 DUM(J)=COORDCT, J)BUNITS(2KI-11)+XC(241-11)
260 JI=IIH
IDUMCIT)=KC
DO 4525 1=1,KC
=14
1525 DUN(JD)=CC(D)
245 1=114
DUM()J)=RHO
17=3744
DUM(3T)=YCRY
73=1it4
270 TDUMY T7)=NGRAVS
IF (NGRAYS . £Q. 0XGOTL 1527
DO 1536 I=1,NGRAVS
11=1142
IDUM(JJ-1)=NODG(T)
275 1530 DUMY(J7)=DRHD(1)
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£r-6
1535 CONTINUE
IF{.NOT.LOAD)GOTD 1540
JI=1T+§
IDUM(JJ)=NBON
IF(NBON.ED.0)GOTO 1540
DO 1539 1=1,NRON
JI=13v§
IDUMCIT)=IFBCON(E, 1}
DO 153° J=1,NDIN
JJ=JI+4
DUM(JJ)=FBCON(L+], )
1539 CONTIMUE
1540 CONTINUE
CalL BLD(JJ,DUM,KTi),RETURNS(006)
IF (OUTWRITE(KW, 244 ) IDUN(L) , IDUM(2) 1T ,KC, (DUM(1),1=2 57}
244 FORMAT(1X,415,/, (41X, 1ri0C40,2))
J=LNODSNDIN
IF(DUTIWRTTECKW, 242 ( INTGRK ( INTGRK ( IMASTR -1 +IDUR(1)) 1+1),151,])
242 FORMAT(1X,10]10)
1596 CONTINUE
GOTU 1500
1595 WRITE(KW,245)11
245 TORMAT(§ ------ ERROR IM ELEMENT INFORMATION----%,1b}
5T0P
1600 CONTINUE
£
C READ NODE ROTATION--- -+ - = srem mmmmie i s mts e cmme s e oo
C
READ(KR, $)NROT, IDRDT
250 FORMAT(2110)
IDUM{1)=NROT
IDUNCZ)=IDROT
WRITL(KW,252)NROT, IDROT
252 FORMAT{1H8,8NODE ROTATIONS NROT/IDROT=%,216)
CALL BLD(2,IDUM KT1),RETURNS(?000)
IF(NROT.EQ.0)B0TD 1698
IF(IDROT.EQ. 1)GOTO 1650
D0 1620 I=1,NROT
READ (KR, #)N, IROM, JROW, KROW, ZANGLE , YANGLL , XANGLE
IROW=IROW-NDTNEN
JROW=JROW--NDTNEN
KROW=KROW-NDTNEW
IF(KROW.LT,8)KROW=0
WRITE(KW,254)N, IROW, JROM,KROW, ZANGLE , YANGLE , XANGLE
254 FORMAT(4X,416,1P3E10.2)
260 FORMAT(415,3E40.4)
CALL BLD(6,1RO0W,KT1),RETURNS(?008)
1620 CONTINUE
GOTO 1699
1650 CONTINUE
DO 1660 I=1,NROT
READ(KR, $)N, IROW, JROM KROW,X1,Y4,24,%2,12,12
270 FORMAT(415,6E10.4)
IROW=IRON-NDTNEW
JRON=JROM-NDTNEW



335

340

345

350

355

3o

35

370

375

J8

385
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KROW=KROW-NDTNEW
IF(KROW.LT.0)KROW=0
C ASSUNE 2-D
JANGLE=ACOS((X2-X1)/5QRT (i X2-XE)Ra2+7 Y2 - Y1 )842))
YANGLE=9,
XANGLE=0,
CALL BLD(6,IRON,KT1) RETURNS(9088)
1660 CONTINUE
1690 CONTINUE
L

23 MOV 79 19.58.25 PAGE
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C BOUNDARY CONDITIONS-- - - =mrmmmmmeim e mmrmme e -
€ EXTERNAL
C
WRITE(KW,384)
304 FORNAT (1H9, KBOUNDARY CONDITIONS? EXTERNAL AND INTERNAL, FORCLSH)
1=0
LEN=0
2180 CONTINUE
READ{KR,X) IDOF , ITINE, DP , DFGRAV
340 FORMAT(IS,5X, 15,E40.4)
17 (1DOF .EQ. 0)60T0 2450
LEN=LENH
I=1+
TDOF=1DOF -NDTNEW
IFBCON(1, 1)=1D0F
FBCON(2, 1)=DPGRAV
FBLON(3,1)=DP
IFLCON(4, 1) =ITINE
IT (IDOF .GT. NDT)WRITE (KN, 345) IDOF
35 FORMAT{S ------ ERROR IN BC-----IDOF ,IDOF 2<% .2118)
50T 2400
2450 CONTINUE
IF(1.NE.0ICALL TORBCO2(T,IFBCON,1,4)
LEN=441
IF{LEN. ER. 0)LEN=1
NECON=1
WRITE(KW,348) ((FBCON(II,J),T1=1,4),J=1 ,NECON)
318 FORMAT(1X,4(I5,4P2E10.2,17,2X))
CALL BLD2(LEN,FBCON,KT1) ,RETURNS(9008)
c
[ INTERMAL
1=8
LEN=0
2200 CONTINUC
READ(KR,$) IDOF , IDOF2, ITINE, DP
320 FORMAT(31S,E{0.4)
IF{IDOF .EQ. 0)60TO 2258
LEN=LEN+4
I=1+
IDOF=1D0F -NDTNEW
IDOF 2=1D0F 2-NDTNEW
IFBCON(1 , 1)=1D0F
IFECON(Z, 1)=1D0F 2
FBCON(3,1)=DP
IFLCON(4, 1)=ITINE

el
g
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395
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410

415

420

425

430
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IF(IDOF.GT.NDT.OR, IDOF2,GT . NDT)URITE(KW, 345) 1DOF , IDOFC
GOTD 2208
2250 CONTINULC
IF(I.NE.0)CALL IORDCO2(1,IFBCON,2,4)
LEN=431

IF(LEN.EQ. D)LEN=1
NICON=I
WRITE(KW,349) ((FBCON(II, 1), T1=1,4), J=1  NICON)
319 FORNAT(1X,4(IS, 148, 1PE10.2,15,2X))
HBON=NICON+NECON
WRITE(KW,324)NCON, NEON, NECON, NICON
324 FORMAT(1X,#DISPLACCHENT CONSTRAINTS REQUESTED=4,110/
{ # DISPLACENENT CONSTRAINTS NEEDED=#,110/
2 § EXTERNAL CONSTRAINTS=#,110/
3 + INTERNAL CONSTRAINTS=#,110)
IF(NCON. LT . NICON¢NECON)WRITE (KN, 325 INCON, NECON, NICOH
325 FORNAT(8 -----ERROR- ---—- NCON/NECON/NICONS, 316)
CALL BLD2(LEN,FRCON,KT4),RETURNS{ 7000
C
C FORCES Q
2300 CONTINUE
READ{KR , 2INBON, ITINE ,DP
330 FORNAT(IS,5X,15,E48.4)
IF (NBON.EQ. )GOTD 2356
NBON=NBON-NDTNEW
WRITE (KW, 319)NBON, ITINE ,DP
CALL BLD(3,NBON,KT1) RETURNS (9000

6OTO 2308
2350 CALL BLD(1,NBON,KT1) RETURNS(9000)
c
C END OF WORKFILE--==- === -omm o mmmoe oo oo coos oo oomooe e
C
CALL FRC(D,0,KT1),RETURNS(2000)
X
WRITL(KN, 340)
340 FORNAT(LX,///, 8 ~=-~=--~-STHCE CONPLETED:- -------- )
sT0P

9800 WRITE(H,9001)LEN

9001 FORMAT(S ---—-ERROR 1IN BLD-----8,18)
STOP

9400 WRITE(6,9481)NODE(IT), IET, IC

9104 FORNAT(S ----INPROPER NODE NUMBER----NODE/IET/IC=$,3110)
STOP
£ND

STATEMENTS BEGINMING AT BCLOW LINE NUMBERS ARE UNREACHABLE ( DEAD CODE ), AND WILL NOT BE PROCESSED

SYMBOLIC REFERENCE HAP (R={)
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ENTRY POINTS ¢! Cf
2237 STARCH
VARIABLES SN TYPE RELOCATION
5970 BOUND  REAL ARRAY 5147 CC REAL ARRAY
5117 COORD  REAL ARRAY {2 DISP LOGICAL PROR
2 o REAL BOUND 4662 DPCRAV  REAL
2 DRHD REAL ARRAY  GRY 4666 DUM REAL ARRAY
0 FICON  REAL ARRAY K 6 CMALT  LOGICAL PROB
3 GRAV LOGICAL PROB S GRAVE  LOGICAL PROE
4 GRAVS  LOGICAL PROB § HASH  REAL PROB
431 1 INTEGER 433 IC INTEGER
0 ICON INTEGER BEGIN 4661 1DOF INTEGER
4654 1DOF2?  INTEGER 4654 IDROT  INIEGER
Abbb  TDUH INTEGER  ARRAY 634 IET INTEGER
0 IFBCON  INTEGER  ARRAY K 0 IHASHI  INTEGER PROK
435 11 INTEGER 5 1K INTEGER BEGIN
1 1KOUNT  INTEGER BECIN : INZ INTEGER BEGIN
3 INASTR  INTEGER BEGIN 0 INDLY{  INTEGER  ARRWY  INDEX
0 INTGRK  INTEGER  ARRAY & 4 1e INTEGER FEGIN
2 1REC INTEGER BLD 0 IROM INTEGER ROT
i ITIME INTEGER ROUND 4640 J INTEGER
432 13 INTEGER i JRON INTEGER RO
1544 KC INTEGER 2 Kp INTEGER 10
0 KPR INTEGER BLE BoKR INTEGER 10
2 KROW INTEGER ROTY 3 KTH INTEGER 10
4T INTEGER 10 5O INTEGER 10
1 K INTEGER 10 0 LLON INTEGER END
4877 LEW INTEGER 2 LENGIH  INTEGER PROB
§ LK INTEGER END { LXOUNT  INTEGER END
2 LNZ INTEGER END 3 LMASTE  INTEGER END
4541 LNOD INTEGER 4 LNODNW  INTEGER SIZE
4542 LMUN INTEGER 3505 LDAD LOGICAL
4 Lg INTEGER END 1 LREC INTEGER BLD
4670 MASTRL  INTEGER 452 N INTEGER
0 NEON INTEGER FOUND 4627 NCON INTEGER
i1 MDIN INTEGER PROE 4636 MDINET  INTEGER  XUNDEF
i NDY INTEGER SI7E 3 NDTMEW  INTEGER SIZE
4663 NECON  INTEGER 0 NET INTEGER SIZE
2 NETMEW  INTEGER SIZE 7 ONFLT INTEGER PROB
9 NGRAV INTEGER GRV 4645 NGRAVS INTEGER
4665 NICON  INTEGER 10 NLAP INTEGER PROB
4643 NOD INTEGER 032 NODE INTEGER  ARRAY
16 NODG INTEGER  ARRAY  GRY 46506 NROT INTEGER
3510 OLDSOL  LOBICAL § OLDWKK  LOGICAL PROB
6 Ut LOGICAL 10 3587 RCOORD  LUGICAL
b REALK  REAL ARRAY K 4646 RHO REAL
i RHOF REAL GRV 3506 RNODE  LOGICAL
%25 5KIP LOGICAL 4626 THK REAL
i TINE REAL BOUND 5073 TITLE  REAL ARRAY
554 UNITS  REAL ARRAY S YANGLE  REAL ROT
5062 XC REAL ARRAY boAF REAL ARRAY  GRY
0 YIOMR  REAL ARRAY  BLDID 453 M REAL
4656 42 REAL § YANGLE  REAL ROT

4647 YGRV REAL 4654 71 REAL



PROGRAN STAGEL 76776 0P1=2
VARIABLES SN TYPE RELOCATION
4657 12 REAL
4655 2 REAL
FILE NANES HODE
& INeUT 445 QUTPUT
445 TAPES AT 1112 TAPER
EXTERNALS TYPE ARG5S
ACOS REAL ;. LIBRARY
BLDZ 3
10kDCO2 4
OPLNMS 4
SETUF 5
HANELIZTS
N IO
STATEMENT LARELS
3526 10 AT 3636
Jeoy 27 FHT 3763
3738 128 FHT 3260
4079 150 2.1 1100
4146 $50 FHT 4242
4216 226 FMT ND RLFS 4224
4252 241 FHT 4264
4305 250 FNT NO REFS 4344
4350 268 FMT NO REFS 4370
4414 348 FMT NO REFS 4423
1464 319 MY 4450
4525 325 FNY 4544
i 1090 2300
2326 1145 2333
2346 1128 ]
2354 1300 0
2525 1480 b
b 1468 ]
2613 1495 2647
2735 1543 2743
8 1525 i
8 1539 3026
B 1595 INACTIVE J0b2
3t14 1550 b
3147 2400 174
3234 225H 3264
3304 2008 4567
602 9481 FMT
LOGPS LABEL  INDEX FROM-TO  LENGTH
2272 1699 I 7y 86 28
2342 1147 I 117 148 3B
2365 1320 I 138 142 11
2454 I 199 190 itB
2473 139 I 194 194 4B
2583 I 195 195 11B
2543 1440 I 207 268 2B

FTN 4.5+493/320

3 IANCLE  REAL
4666 12 REAL
1557 fAPESL
KD
FRC
HAL1
ORK
SERT REAL
SET
20 FT
30 FHT
130 FHT
155 FM1
240 FHT ND REFS
225 FHT NO REFS
242 FKY
252 FHT
270 FHY  NO KEFS
315 FaY
320 FNT  MD REFS
330 FMT NO REFS
1100
1116
150 INACTIVE
1320
1410
1465
1560
1545
1530
1540
1600
1660
2150
2300
9004  FMT
PROPERTIES
INSTACK
INSTACK
EXI REFS
EXT REFS
INSTACK
EXT REFS
INSTACK

" e = L hed

23 NOV 77 15.58.25

ROT
0 TAPES
LIERARY
J645 28 FHT
36 140 FMT
4020 140 FMT
4122 158 11
4214 245 FNT NO REFS
4224 230 FMT NO REFS
4272 245 FiT
4345 254 FHT
4376 304 FNY
4435 318 FAT
4477 324 F¥T
4555 340 1
236 1110
0 1147
2347 1200
8 1390
2545 1450
2573 1490
2701 150
8 1520
3007 1535
8 1590 INACTIVE
8 1620
343 1690
3212 2200
3275 2358
3367 9100

PAGE
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LOOPS
2955
2565
2684
2644
2674
2744
27
2750
2782
2767
3803
3047
3022
3056
3076
3445

COMMON BLOCKS

PROGRAM STAGE1

LABEL
1460
1465

1520
1520
1525
1530
1539
1539

1629
1660

10
SIZE
BEGIN
END
BLD
BLDIO
INDEX
PROE
GRY
L
BOUND
X

STATISTICS

PROGRAM LENGTH
BUFFER LENGTH
SCN LABELED COMMON LENGTH

ot

NDEX

ot Pt B Camg Dot bt B et Cmp Gy P bd Ty bt bt Gy

LENGTH

[ B~ BV o BN |

3
2048
1006

it

i8

6

3
56000 LCA

76/76  0PT=2

FRON-TO

211 217
214 245
219 19
231 231
235 235
246 246
246 248
254 259
255 259
262 264
372 275
281 287
284 287
293 293
313 323
326 338

32738
1666
6054

LCH LABELED COMMON LENGTH 1415208
1006008 SCH USED

LENGTH

16B
2B
16R
10k
108
238
foB
138
108
2B
3B
7B
2B
i6d
i6B
26B

1723
250
3113
50000

PROPERTIES
INSTACK

INSTACK
INSTACK
INSTACK

INSTACK

NOT INNER

EXT REFS
EXT REFS
EXT REFS
EXT REFS
EXT REFS
NOT 1NNER

NOT INNER

EXT REFS
EXT REFS
EXT REFS

FTN 4.8+498/320

NOT INNEK

EXITS
EXITS

23 NOV 79 15.58.25
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SUBROUTINE BLD /76 OPT=2

(¥ ]

i0

15

25

30

40

45

SURROUTINE BLD(LER,X,NF) KETURNS(R{ }
DIMINSION X(4),XI0¢2),NIO(2)
EQUIVALENCE (NID,*IO0!

CONMON/BLDID/X10
COMNBN/BLD  /KPTR ,LKEC, IREC

LRECS=LREC-1
IF (KPTR.EQ. 0.0R.NF.EQ. IRETURN R
1T (LEN.LT. 1 )RETURN R
TFILEN. 6T.LRECHGOTO 5
TPTR=KP TRLEN
IF(IPTR.LE.LREC)GETD 36
S IE-LRECKPTR
19 1524
NIO(KPTR)=LEN
IF(IE.LT.060TO 2t
15 D0 20 I=IS,IE
20 XIO(KPTR+D)=X(I)
24 IF(LEN-IE.LE.0)GOTO 25
CALL WRITHS(NF,XIO,LREC,1REC,8)
IREC=IRECH
15=1E
IE=LEN
IF(LEN-15.6T LREC {IE=LPECHS
15215+
KPTR=1-15
6OTD 15
5 KPTR=IE+ +KPTR
IF (KPTR.GT.LREC)GOTO 26
RETURN
26 CALL WRITHS(NF,X10,LREC, IREC,0)
IREC=IRECH
KPTR=1
RETURN
30 NIO(KPTR)=LEN
DO 40 1-1,LEN
49 XID(KPTR+D)=X(D)
KPTR=IPTRH
IF(KPTR.GT.LREC)EOTO 76
RETURM
ENTRY FRC
NIOKPTR)=-2
CALL WRITNS(NF,XI0,LREC, IREC,0)
IREC=IREC+
KPTR=0
RETURN
END

ra
=

SYHBOLIC REFERENCE MAP (R=1)

FTN 4.8+498/320

23 NOV 77 §5.58.25
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FIN 4.8+498/320

SUBROUTINE BLD 76/76  0PT=2
ENTRY POINTS
3 mb 113 FRC
VARTABLES SN TYPE RELOCATION
146 1 INTEGER 144 IE INTEGER
2 IREC INTEGER BLD 145 IS INTEGEK
143 IPTR INTEGER b KPTR INTEGER
§ LIN INTEGER F.P. f LREC INTEGER
142 LRECH INTEGER b N INTEGER
b WNID INTEGER  ARRAY  BLDIO ¢ K RETURNS
b X REAL ARRAY F.p. 8 XI0 REAL
EXTERNALS TYPE  ARGS
WRITHS 5
STATEMENT LABELS
325 Y INACTIVE
4 4 2
2 2 160 30
LOOPS LABLL  INDEX FRON-TO  LENGTH  PROPERTIES
44 29 I 18 19 2B INSTACK
105 40 I 37 38 2B INSTACK
COMMON BLOCKS  LENGTH
BLDID 2
BLD 3
STATISTICS
PROGRAM LENGTH 1478 i03
SCM LABELED COMMON LENGTH 5

1000068 SCH USED

ARRAY

37
65
]

PAGE
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BLD
BLD
F.p.

BLDID

15
25
40

el

-



CUBKOUTINE BLD2 ’6/76  OPT=

i0

15

25

30

35

4

45

SUBROUTINE BLDZ(LEN,X,NF) RETURNS(R1)
DIMENSION X{1),X10(2),N10(2)

LEVEL 2,X

CQUIVALENCE (NIO,¥10)
COMNON/BLDIO/XIO
COMMON/BLD/KPTR ,LREC, IREC

LRECH=LREC-1
IF(KPIE,EQ. 0,08 .NF.LR. BIRETURN Rt
IF (LEN.LT.  JRETURN R%
IFLLN.GT.LRECS )GOTO &
IPTR=KPTR4LEN
IF{JPTR, LE. LREC)GOTO 30

S IE=LREC-KPTR

18 1524
NIOCKPTR)=LEN
IF{IE.LT.1)6070 24

15 D0 20 I=I8, IE

20 XIO(PTR+D)=X(D)

24 TF(LEN-IE,LE.§)GOTO 25
CALL WRITMS(NF,X10,LREC, IREC, )
IREC=IRECH
I5=1E
IE=LLN
IF{LEN-IS. 6T, LREC) IE=LREC+IS
15=1544
KPTR=1-15
GOTO 15

25 KPTR=IE+{ +kPTR
IF (KPTR.GT.LREC)GOTU 25
RETURN

2b CALL WRITHS(NF,XI0,LREC,IREC,0)
IREC=IRECH
KPTR=
RETURN

30 NID(KPTR)=LEN
DO 46 I=4,LEN

A0 XIO(KPTR#)=X(I)
KPTR=JPTR#4
IF(KPTR.ET.LREC)GOTD 26
RETURN
ENTRY FRC2
NID(KPTR)=-2
CALL WRITHS(NF,XI0,LREC,IREC,0)
IREC=IREC+
KPTR=8
RETURN
END

CYNBOLIC REFERENCE MAP (R={)

FTN 4.8+498/320

23 NOV 79 15.58.25
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SUBROUTINE BLD2 76/76  0PT=2
ENTRY POINTS
3 BLD2 113 FRC2
UARTABLES SN TYPE RELOCATION
146 1 INTEGER 144
2 IREC INTEGER ELD 145
143 JPTR INTEGER 0
§ LLN INTEGER F.P. i
142 LRECE INTEGER ]
§ NIO INTEGER  ARRAY  BLDID i
i X REAL ARRAY F.P. b
EXTERNALS TYPE  ARES
WRITHS ]
STATEMENT LABELS
2 S b 16
| 4 2
72 2 106 3
LOOPS LABEL  INDEX FROM-TD  LENGTH  PROPERVIES
4 20 I 18 19 2B INSTACK
105 49 I 37 38 2B INSTACK
COMMON BLOCKS  LENGTH
BLDIO 2
Ry 3
STATISTICS
PROGRAW LENGTH 147k 02
SCM LABELCD CONMON LENGTH Sk 5

106690B SCM USED

IE
15
KPIR
LREC

R
10

INACTIVE

FTN 4.8+4498/320

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
RETURNS
REAL

ARRAY

PAGE

Cl—15
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BLD
BLD
F.P.

BLDID

37 15
45 25
4



SUBROUTINE ORK 7b/76  OPT=C FTN 4,3+498/7320 23 NOV 79 15.58.25

vl

10

15

15

40

45

[ommmmm e e e ———— ———— s ot 0 e i

SUBROUTINE ORK(LENGTH,REALK, INTGRK)
Lroe=-3/25/ 74~~~ DOES NOT ZERD IK-LK
C FINITE ELEMENT ANALYSIS BASIC LIBRARY CUBROUTINE-VERSION 2
nitiititeeeretedtitesinesdieititediittttitttttitjtilieetetstiiitsistdity
C THIS SUBROUTINE CREATES

c 1) THE LNZ VECTOR WHICH HOLDS THE COLUMN NUMBER
C OF THE LEADING NON-ZERD ENTKY IN EACH ROV OF
£ THE ASSENBLED [K[ NATRIX
£ 2) THE ADDRESS COUNT VECTOR WHILH HOLDS THE ABSOLUTE
C ADDRESS OF THE DIAGONAL ENTRY FOR EACH ROW OF THE
C ASSEMBLED K MATRIX, NINUS THE ROM NUNBER, AND
C CHECKS THAT X FITS IN THE /DATA/ VECTOR
DINENSION REALK(2), INTGRK(2)
C
LEVEL 2,REALK, INTGRK
€
LOGICAL OuT
COMNON 710/ KR, KW, KP, K71, KT2, KT3, OUT
COMMON /SIZE/ NET, NDT
COMMON /BEGIN/ ICON, IKOUNT, ILNZ, INASTR , 16, IK
CONNON /END/ LCON, LKOUNT ,LLNZ,LNASTR L@, LK
C
C VERSION > RELEASE {. CORRECTIONS T0 SEG. NOS. 08 THRU 74 (NARCH 1973)
C
t

C PRINT CONTROL

100 FORMAT(49HOTHE LENGTH OF THE [DATAL VECTOR FOR THIS CASE I5,110,44
{H WHICH EXCEEDS,I119,49H =THE MAXINUN ALLOWED IN THE DIMENSION STAT
2LMENT./39H EXECUTION TERMINATED IN SUBROUTINE ORK)

200 FORMAT(S(AX,4RONS,2X $ILNZE,2X, $ADR. DIAC.3,1X))
300 FORMAT{S(1X,216,110,3X))

400 FORMAT(1OHOTHERE ARE, 10,084 NON-ZERD ENTRIES IN LK[. IF K[ WERE
{FULLY POPULATED THERE WOULD BE,I1D, °H ENTRICS.,/,20%,15HTHE DLNSI
21Y 1S ,E15.6)

ILNZM=ILNZ-1
IHSTHi=IHASTR-4
IKOUMS=IKOUNT-4
NETH{=NET-{
IMSTP4=INASTR+
C SET EACH LNZ COLUMN ND = ROM NO (DIAGONAL MATRIX)
DO 30 IROW=,NDT
NGUb=1LNZN} + IROW
30 INTGRK(NGUB)=IRON
C EXAMINE MASTER ASSEMBLY LIST, ONE ELEMENT AT A TIME, T0 CREATE
C THE LNZ VECTOR
DO 20 LNUN=1, NET
HADDR = INSTMi+LNUM
HADDR = INTGRK(MADDR) -i
C CALCULATE ND. DOF IN THE ELCMENT KY DIFFERENCING POINTERS, OR ...
I = INASTR4LNUN
IF{LNUN.EQ.NET) GC TO 3
NDE = INTGRK(I)-INTGRK(I-1)
60 10
C ... BEGIN BY ASSUNING THE LIST IS FILLED, FOR LAST ELEMENT

PAGE i
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SULROUTINE ORK /76 0PT=2 FTN a.8+498/320

4l

70

75

80

85

70

95

100

10S

3 NDL = LMASTR-INTGRK{I-1)+i
C INITIALIZE SMALLEST DOF NO. AT LARGEST POSSIBLE VALUE
4 ISHALL=NDT
C  FIND SNALLEST MASTR NUNBER FOR THIS ELEMENT
B0 5 JDOF=1,NDE
INDEX=HADDR+ JDOF
1F{TWVGRK (INDEX) .G T. ISHALL) GO TO 5
C DISCONTINUE SEARCH IF 4 TERD IS FOUND, IWDICATING EXCESS STORAGE
C 4ND PRENATURE END OF LIST FOR LAST ELENENT
IF{ INTGRK {INDEX) .EQ.0) 40 T0 6
ISHALL=INTGRK ( INDEX )
S CONTINUE
C  FIND COLUMN NUMBER O LEADING NON-ZERD ENTRY IN ROW
6 DO 18 JDOF=1,NDE
INDEX=NADDR +DOF
C DISCONTINUE OPERATION [F EXCESS STORAGE IS DISCOVERED
IF{INTGRKCINDEX) .EQ. 9} 40 10 20
INDEX=1LNZN1 +INTGKK {INDEX
C CHANGE LNZ COL ND ONLY IF NEW ONE IS LESS THAN OLD ONL
IF (INDEX. 6T, LENGTH)WRITE (KW, 100) INDEX
IFCINTGRK (INDEX) LT, (SHALL) €0 TO {4
INTGRK(INDEX)=TSHALL
c
10 CONTINUE
20 CONTIME
C CREATE ADDRESS COUNT VECTOR
INTCRK (IKOUNT) = IK
INDEX=IKOUNT
DO 40 IRON=2,NDT
I = ILNIN{+IRON
INTGRKCINDEX+1) = INTGRK(INDEX)+IROW+4 -INTGRK (1)
0 INDEX=INDEX+S
C ADDRESS COUNT VECTOR NOW CONTAINS ABSOLUTE ADDRESS ONLY FOR THE
[ DIAGONAL ENTRIES, AND THUS INTGRK(LKOUNT) = LK EXACTLY
IT {INTGRK(LKOUNT) .LE. LENGTH) GO 70 50
WRITE (KN,100) INTGRK(LKOUNT), LENGTH
570P
50 iK = INTGRK(LKOUNT)
IF (OUT)WRITECKN, 200)
IF(OUT)MRITE(KW, 360 ( IRON, INTGRK { ILNZH1+ IROW)
1 INTGRK (IKOUML +IRON) , IRON=1 , NDT)
20 60 IROM=1,NDT
T = IKOUMi+IROW
C  RCPLACE THE AES. ADDRESS OF DIAG. BY (ADS. ADDRESS - RON MO.)
INTGRK(T) = INTGRK(])-IRON
60 CONTIMUE
NENTRY = INTGRK(LKOUNT ) ¢NDT-IK+{
INDEX = (NDTR(NDT+1))/2
DEWS = FLOAT(NENTRY) /FLOAT ( INDEX)
WRITE (KV,400) NENTRY, INDEX, DENS
WRITE (KW, 410)LK
410 FORMAT($ END OF K MATRIX---LK=#,1i0)
RETURN
END

23 MOV 79 15.56.25
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SUBROUTINE ORK

SYMBOLIC RLFERENCE MAP (R=1)

ENTRY POINTS
3 ORK
VARIABLES SN TYPE
347 DENS REAL
o ICON INTEGER
331 IKOUME  INTEGER
2 1LNZ INTEGER
J IMASTR  INTEGER
333 IMSTPL  INTEGER
0 INTGRK  INTEGER
334 IR0 INTEGER
M5 7 INTEGER
2 Kp INTEGER
LI &1 INTEGER
5 K13 INTEGER
@ LCON INTEGER
5 W INTEGER
2 LLNZ INTEGER
336 LM INTEGER
337 HADDR INTEGER
34t NDE INTEGER
3ab MENTRY  INTEGER
332 NETHS INTEGER
b RLALK REAL
INLINE FUNCTIONS TYPE
FLOAT REAL
STATEMENT LABELS
33
54 6
b 30
0 &0
241 00 FAT
LOOPS LABEL  INDEX
16 38 IROW
25 20 LNUM
58 S JOOF
57 16 JDOF
112 46 IROW
i45 IROW
166 &0 IROW
COMMON BLOCKS ~ LENGTH
10 7
SIZL 2
BEGIN b
END b

76/76  OPT=2

RELDCATION
BEGIN
BEGIN
BEGIN
ARRAY F.P.
10
0
10
END
END
END
ARRAY F.p.
ARGS
i INTRIN
43
72
f
210
244
FROM-TO  LENGTH
42 44 3
47 8t 578
b0 67 4B
89 7% 176
b4 87 4B
95 95 14B
97 184 3B

340 1

5 Ik

i IKOUNT
327 ILNIMA
330 INSTHi
344 INDEX

4 1q
342 ISMALL
143 JOOF
KR
K12
KW
LENGTH
LKOUNT
LMASIK
LA
HSUB
NPT
NET
ouT

1

T
&e»&‘&u»e»-

4
10
1]
100 Fut
400 FNT

PROPERTIES
INSTACK

EXT REFS NOT INNER

INSTACK  EXITS
EXT REFS
INSTACK

EXT REFS

INSTACK

FIN 4.5+498/320

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
LOGICAL

EXITS

53
76
127
233
324

23 NOV 79 15.58.25

BEGIN
BEGIN

BEGIN

10
10
I0
F.p.
END
END
END

SIZE
SIIE
10

5
29
50
200 M1
410 FHY

PAGE K

Cl- 1§



SUBROUTINE ORK 76/76  0PT=2

STATISTICS
PROGRAN LENGTH J56R 238
SCM LABELLD COMMON LENGTH 25K 24
1000008 SCH USED

FTN 4.3+4498/320

23 NOV 79 15.98.25

PAGE
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GUBROUTINE SETUP 76/76  0PT=2 FTN 4.8+498/320 23 NOV 79 15.58.25

10

20

25

30

49

15

50

55

SUBROUTINE SETUP(LENGTH,NCON,MASTRL ,REALK , INTGRK)
8 1ttoeditietittitteniipatideiitisiitttodeotieetiineitipeitiinsititiit
C FINITL CLEMENT ANALYSIS BASIC LIBRARY SUBROUTINE-VERSION 2
niitiiiieeiitetiteitiietisitidftstetititieiittiinibitjeiigidistisdits]

DIMENSION REALK(2), INTGRK(2)

DIMENSION 11(6), LI{5), KD(&)

c
LEVEL 2,REALK , INTGRK

c
COMNON /10/ KR, KW, KP, KT4, KT2, KT3
CONHON /SIZE/ NET, NDT
CONHON /BEGIN/ ICON, IKOUNT, ILNZ, INASTE 19, IK
COMMON /END/ LCON,LKOUNT ,LLNZ,LWASTR, LG, LK

C

C VERSION 2 RELEASE 1 AUGUST 1972
EQUIVALENCE (ICON,II(1)), {LCON,LI(1)}, (KR,KD({})
C
C PRINT CONTROL
901 FORMAT (1HO,53X,11HSETUP ENTRY,/,42Y,3SHUSER SPECIFICATIONS T0 FEA
1BL SYSTEN,/,1H0,54X,1411/0 DEVICE CODES,/,27X,6HREADER, 5K, THPRINTE
2R, 2X, 10HCARD PUNCH, "X, SHTAPEL ,7X  GHTAPE?, 7X, SHTAPE3, /, 24X, 6¢2X, 110
3),/,1H0,53X, 12HPROBLEM SIZE,/,42X,7SHTOTAL MUMBER OF ELENENTS=,1i0
4,/,42X,25HTOTAL DEGREES OF FREEDOM=,116,/,1H8, 51X, 16HENTRY PARAMET
SERS,/, 39X, 32HASSUNED LENGTH OF /DATA/ VECTOR=,110,/,72X, ASHNUNBER
60F DISPLACEMENT CONSTRAINTS REQUESTED=,I10,/,33X,44HNUNEER OF WORD
75 REQUESTED FOR ASSENBLY LIST=,1i8)
982 FORNAT (1HO,43X,34H/DATA/ VECTOR ADDRESS INDEX NAP,/,22X,1HCONSTR
1AINTS, 2X, 40HDG ABS ADR,1X,11HLNZE COL NO,1X,i1HASHBLY LIST,2X,10HQ
27U VECTOR, 4X,BHK MATRIX,/, 16X, SHBEGIN, 6(2Y,110),/,18Y, JHEND, 5(2X, I
310),41X,1H¢,/, 140, 36H+ LK IS CALCULATED BY SUBROUTINC ORK)
903 FORNAT (4OHOSTORAGE EXCEEDS LENGTH OF /DATA/ VECTOR,/,1X, SAHLENGTH
{ SUGGESTED FOR THIS PROBLEM=,112,4H WORDS,/,1X,4RHEXECUTION TERMIN
2ATED IN SUBROUTINE SETUP)
C SRRRSRRLESRsERRRESRIAsRassaRsssassssursansyassssnyssassssssasnstussy
C RENOVE THIS FORWAT AND WRITE STATEMENT INDICATED BELOW IF FEABL
C HEADING IS NOT DESIRED
C SRREBBARERRRRESERSSARABRRLSSARSOTIESMMPRANERREERRRRATRRIRESEARNISARLS
C PRINT ENTRY MESSAGE
C SERBERREERsERRnsaRansestIRRresatsansssspxassnsssnsaxsasassnsansssasssy
C RENOVE THIS WRITE STATEMENT IF FEABL HEADING IS NOT DESIRED
C SSESERLERRSERERRssRnrssnsssnssansssssssansssesastssassahasssssanssssy
WRITE (KV,904) (KD(1), 1= 1,6), NET, NDT, LENGTH, NCON, MASTRL
C CALCULATE ADDRESS INDEX VALUES
ICON = §
LCON = NCON
INOUNT = LCON#
LKOUNT = LCONNDT
ILNZ = LKOUNT#
LLNZ = LKOUNT#NDT
INASTR = LLNZ#i
LMASTR = LLNZ#HASTAL
18 = LMASTR#
LG = LASTRNDT
IK = LR+
C PRINT INDEX MAP

O 1-do



SUBROUTINE SETUP

b0

75

76/76  0PT=2 FIN 4.6+498/320 23 NOV 79 15,58.2%

WRITE (K¥,902) (1I(1), I ={,8), (LKD), I = 4,5)

C STORAGE BOUNDS TEST

IF (LWASTR .LE. LENGTH) GO TD {

C STORAGE EXCEEDED - ESTIMATE REQUIRED LENGTH BASED ON LOMER TRIANGLE
C ESTIMATED POPULATION FACTOR

TR = (NDTS(NDT+1)).2

DENS = 0.5

IF (NDT .G7. 200) DENS=0.3

IF (NDT .GT. S08) DENS=0.2

IF (NDT .GT. 1508) DENS = 0.15
IF (NDT .GT. 2000) DENS = 0.10
TR = TREDENS

LENGTH = LG+TR

WRITE (KW,903) LENGTH

STOP

C ENOUGH STORAGE EXISTS TO GO THRU ORK
f D021 = ICON,LCON
2 INTGRK(I) = 8

RETURN
END

SYMBOLIC REFERENCE MAP (R=1)

ENTRY POINTS

3 SETWP
VARIABLES SN TYPE RELOCATION
246 DENS REAL 244 1 INTEGER
b ICON INTEGER BEGIN P II INTEGER  ARRAY  BEGIN
5 IK INTEGER BEGIN f IKOUNT  INTEGER BEGIN
2 1LNZ INTEGER BEGIN 3 IMASTR  INTEGER BEGIN
0 INTGRK  INTEGER  ARRAY F.P. 4 10 INTEGER BEGIN
8 KD INTEGER  ARRAY IO 2 KP INTEGER I0
0 X INTEGER 10 3 KM INTEGER 10
4 K12 INTEGER 10 5 K13 INTEGER 10
1 INTEGER I0 0 LCON INTEGER END
0 LENGTH  INTEGER F.p. b Ll INTEGER  ARRAY  END
5 W INTEGER END i LKOUNT  INTEGER END
2 LM INTEGER END 3 LMASTR  INTEGER END
4 L0 INTEGER END 0 MASTRL  INTEGER F.P.
b NCON INTEGER F.r, i NDT INTEGER SIZE
0 NET INTEGER SIZE 0 REALK REAL ARRAY F.p.
245 TR REAL
STATEMENT LABELS
6 | 02 70 964
145 902 FHT 174 903 FHY
LOOPS LABEL  INDEX FRON-TD  LENGTH  PROPERTIES

& 2

I

7273 2B INSTACK

FAT

PAGE
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SUEROUTINE SETUP 76/76  0P1=2 FIN 4,8+498/320 23 MOV 79 15.58.25 PAGE M

COMMON BLOCKS  LENGTH (] -22
i0 b
SIIC 2
BEGIN 5
END ;

STATISYICS
PROGRAM LENGTH 2478 167
SCH LABELED COMMON LENGTH 248 28
1060008 SCH USED



SUBROUTINE IORDCOZ  “6/76  OPT=2 FIN 4.3+498/320 23 NOV 79 15.58.25 PAGE i

I 3
i SUBROUTINE IDRDCO2(¥,IARRAY,IROW,NROW)
C ORDERS ARRAY ACCORDING TO INDEX IROW IN AN ARRAY
C TARRAY(IROW,N)
L

Ul

DIMENSION TARRAY(NROW,N)
C
LEVEL 2, TARRAY
C
LOGICAL AGAIN
1 C
1 LAST=N-
108 AGATN= FALSE
I=4
2 IF(1.GT.LAST)GOT0 21
is IF (TARRAY(IROW, 1+1)-IARRAY(IROW,1))4, 16,2

400 b J=1, MRON
IX1=TARRAY(J, 1)
TARRAY(J, 1)=TARRAY( ], 1+1)
20 b TARRAY(J,I+1)=IX{
6070 19
C
16 IXg=I+
IFCIXE. 6T, LASTIGOTO 110
2 D0 18 II=IX1,LAST
DO 18 J=1,NRON
18 TARRAY(J, I1)=I4RRAY (J 11 +1)
110 NeM-1
LAST=LAST-1
30 c
19 AGAIN=, TRUE.
20 CONTIMIE
I=1¢4
6070 2
35 C
21 CONTINUE
IF (AGATNIEOTO §
RETURN
END

SYNEOLIC REFERENCE #AP (R=1)

ENTRY POINTS

3 I0RDCO2
VAR IABLES SN TYPE RELOCATION
124 AGAIN LOGICAL 123 1 INTEGER
0 IARRAY  INTEGER  ARRAY F.P. i26 11 INTEGER
0 1ROW INTEGER F.P. 125 Ix4 INTEGER
124 ] INTEGER 122 LAST INTEGER
@ N INTEGER F.P, 0 NROW INTEGER F.p.



SUBROUTINE IORDCDZ  76/76  OPT=2 FIN 4.8+490/328 23 NOV 79 15.58.25 PAGE 2

STATENENT LABELS Cl- a4
iS 6 2 0 4 INACTIVE
- 5 1 0 18
73 19 74 20 104 24
100 INACTIVE 0 140

LOOPS LABEL INDEX FRON-TO LENGTH PROPERTIES
2 b ] 17 20 B INSTACK
% 18 %2 i NOT IMNER
2 18 I % 27 B INSTACK

STATISTICS

PROGRAN LENGTH {35B 93

1008808 SCM USED

‘BOTTOM OF FILL!



id

40

RT3
wt

(%)
L —

[¥y ]
[ ¥y ]

ROGRAM STAEE: TorTe QPY=2 FIN 4 5+4%6°320

APPENDIX C.2
[ STABEZ™ ALSEMBLE FOR CACH TIME AND SOLVL
PEOGNAN STAGER: IMFUT OUTPUT TAPES=1nPUT TAPE=0UTUT, TaFEi1=100,
1 TAPEIZ=100, TAPEAS=200,TAPE2D, TAPELS- 200y

{

£ UMt ¥E - batTa

{ GNIT 18 - KTy - WORRTILL

L UNIT 73 - kT2 - OLI SOLUTION FILE
C UkIT 13 - KT LW SBLUTION FILE
C UBIT 26 - SCRATCH

£

[ WNOTE? LLNTH2 SET To rFOOL LINGTH IN LTAGL:

CXYSEXDINENSION OF REALY HUST BE GREATER THRW Lk FROM STAGEI+vis¥s¥

L

C DINENSION DUM .GT. WNDT

C DIMENSION IADR .GT. WDY

C NOTE® FUR INTERNAL LOUMBARIES, LXTRA DG OF THE ADJACENT MDDU

L HUST BE ADDED

L
DIMENSION COORD(3,3) FECON(4,2000),7LiP0q20) TLAPN(ZE) . TLAP(20)
DTMENCION IFRCON(e, 100!
DIMENSION BMAT(280) SRO300),FUC00 500 8), 00364, C0AD
DIMLNSION TITLEC20),INTGRK(Z)
EGUIVALENCE (REALTC1: INTGRK(1))

C IF PROBLEn GREATER THAN 13iK TOTAL, Coem e

{ REMOVE FOLLOWING EQUIVALENCE STATEHENT 'y ADDING COMMENT C

C SET TWOK=.TRUE., AND REMOUE LOMMENT C 770+ DIMENSION 3?3¥t4ENT
CQUIVALENCE (REhLK.REALKK)
DIMENCION REALK:2:

INTEGER RBEGIN,REND.RMAX, RHIN ENTRY

LOGITAL GRAV,GRAVS,GRAVE,OLDSOL,DI3F

LOGICAL LOAD,OUT,LEBUGE , DEBUG2, DLDWRK ,GHALT SING
LOGICAL AGAIN,CREEP AXISYM,DISK,HPACL, 7 ILL, THOK
DINENSION DUM(1), 1DUM(5666:

EBUTYALENCE (DUM(1),TDUM(1))

EQUIVALENCE (FBCOM(1,1),IFBCON(1, 1)

DINENSION TEMP(4)

LEVEL 2,REALKK
LLUEL 2, REALK , INTGRK

COMMUN/BREAD/NFX ,LRECER KEYX{20) ,LENZ:20) ,KiX(20)
L ONMON/BREADID/XTOBK (2048)
COMMON/BLD/KPTR LREC, TREC
[OMMON/BLDIO/XIOWR(2043)
COMMON/ INDEX/INDEXi (1000) , INDEX2(1008) , INDEX3(1000) , IMDEXK (1000}
L{MKON./BADR/ TADR{S000)
€
COMHON/KK  /REALEK(133000)
{ IF TWiK= FALSE., KEMOVE COMMON/K/ BY ADDING COMMENT C-  -----
C COMMON/K/REALK (15000)
C--_---_--" ............... 1 a1 e m e a h © < " e e P et e -

r

COMMON-TO/KR KW KPP, KF1,XT2 KT3,0U7,DEBUGE , DEBUG2
CUOMMONSTZE/NET ,NDT ,NETNEW , NDTNEW , L NODNW

Jp pOY

C.

ERCR N}

2-1

#4GE



78

il

¥

160

105

110

LOMMON/BEGIN/ICON, IKOUNT , ILNZ  IMASTR, IR, Ik
COMMON/END/LCON, LKOUNT ,LLNZ ,LMASTR L8, LK
COMHON/PROB/HASHE , OLDRKK ,LENGTH, GRAV  GRAVS  GRAVE, CHALT NFLT NLAP,
i tDiM.DI5P,NECON, NICOM
CMMON.GRU/NGRAV  RHOF ,DRHO(4) , XF (8} .NCDG+ 4)
LONAON/ROT/IROW, JRON KROW, ZANGLE , YANE! L XANGLE
CMMON./BOUND/NBON, TIME LP

LOUIVALENCE (TIME,ITIAC)

CONMONKEY/LER, K[rT*P FEYRLL,KEYLLG 8D v BB KEYTL KEYEL KEYROT,
i ﬁEl&Cé KEYICD

COMMOM /SHIFT/ XKUNIT.¥LEN, KBEGIN,FEND KMIN KMAX REEGIN, 2END,
1 KUFF MSK,SPACE, FILL NUMROW,ENTRY

L

L
Dala LOADS FALSE. SING/ FALSE..,DEPUCL." FALSE.. PERUGZ FALSE..
DATA NUMRDW/Z20/ KUMLT. 12/ KOFF 0. ,5PACE - TRUE./ DSk FALSE
DATA REND/O/,KBLGIN 2.
DATA TCMP/D, 0.,0.,9 /. THK/S.0/,DPST-4 -0/, 0LDS0L, FALSE,/
DATw ENTRY/$/ KDFF -9 AXISYN/. FALSE © FILL® FALSE. -

£
NARCLIST/IN/NET NDT, L oMRK  NDIR, GMAL T SRAY, uKAYE, GRAYS , OLDSOL, THE
1 DISP SING,LDAD,DPST BLAZ, AXISYH, LENTHK  NUMROW  ENTR Y
HAMELIST/TOK/KR KW, KP K11, KT2 KT, 00T, oERUGE , DEBUGE

L

LERTHE=300000
£ 3ET TD LEMCTH OF REALKr ANL SET TWOK=.TRUC. If BOTH REALK
C  AND PEALEK USED T mmmmmemes s cssseemesen s s
LENTHK=131000
TNOK=.FALSE.
C’ i 8 et e e o i et + e i £ e A e 2t S8 e o bt en e 1o o
L
Ra3es EETeRRT ettt it i aReitestioateititiRResseit ittt tititRededsitetits
C
[ READ TITLE FROM WURKFILE
{
READ(S, I0K)
WRITELL,I0K)
LEYTHP=G
Cul.L OPENMS(KTL,IMLEX1,1000,0)
CALL OPENMS(KT2,INDEXZ, 1640,0)
CALL OPENMS(KT3,INDEX3,1000,0)
CaLL EREAD(KEYTNP LEN, TIFLE,KT1),RETURNG(9000)

ELYTHP=0
CALL BREAD(KEYTHP ,LEN,DUM,KT1) RCTURNS(7200)
205 COMTIMUE

L

C READ NORKFILE

C
EEYTHP=0

210 CALL BREADCKEYTRP LuM,NLT KTiY, BETUES - ?600)

EEYTHP=|
CAcL MEAD(KEYTHF,_EN, ICON,KT1) RETURHZ (20081
eLTTHP=0

PROGRAM STAGE2 J6/76  OPT=C FIN 4244937320 26 NOV 77 21.06.0% FAGE

CR-2



130

135

140

145

155

159

PROGRAM STAGE!

/76 DPT=Z

CALL FREAD(KEYTNP,LEN,LCON,KTH) ,RETURNS(7000)

KEYTNF=d

CALL BREAD(KEYTNP,LEN .HASHi KT1) RETURNS(9000)

KEYTHF=0

FIN 4,8+498/320 26 NOV 7% 21.06.05
;-

.

CALL BREAD2(KEYTMP ,LEN.REALK(1),KT4: RETURNS(9000:

KEYRLi=XEYTHP
KEYTNP=D

CALL BREAD2(KEYTHF ,LLN.REALK(IQ),KTi) ,RETURNS(9000)

KEYLLE=KEYTHP

WRITE TITLE AND COMPUTATION

[aer B un B o 1

READKR, IN)
READKR, $INNLAP
WRITE (6, 400 (TITLE(T) .1=1,20) , NNLAP

10 FOFMATUIHS 2084, 7/, 1X, 14,8 LAPLACE REDUCED TIMESS)

FEAD(KR, $)(TLAP(I), T=1 ,NNLAP)

WRITES, 15) (TLAPLT), 1=1, NNLAP)
15 FORMAT(10X,4PEAD, *

NLAP=NNLAP

WRITE (KN, IN)

€ IF NOT SUFTICIENT SPACC IN REALK FOR K, SCT UP FOR SHIFT

C REALKK TOR K MATRIX, IKOUNT CHANGED FOP Cl IK
1Ki=1K-1
{ USE IF TMDK=,TRUE, ~--=-mmmrmmmmmmmes e
1T, NOT.TNOK)GOTO 282
DO 28 I=IKOUNT,LKOURT
INTGRK(I)=INTGRK 1) -1K4
280 CONTINUE
LK=LK-IK1
Tki=)
Ir=1
282 CONTINUE
c..-..._.__...
ELEN=LENTHK-IK
C ENTRY=0 USES FACTSD,SIMULD
C ENTRY.GCT.0 USES SIMULGC
IFCENTRY.GT. )ELEN=KLLM-NDT
IF(KLEW,GE, (LK -1+ 4 1)G0T0 330
SPACE= FALSE.
CALL OPENMS(KUNIT,INDEXK,1000,9)
330 CONTIHUC
L
C IF OLDSOL, SCAN BEGINNING
IF¢.NOT.OLDSOL) 60 70 1100

o ——————— a5 = s o s -

€
1000 CONTINUE
KEYTHP-0
CALL EREAD(KEYTMP,LEN, DUM,KT2),RETURNS(*000)
KEYTHP={
CALL BREAD(KEYTMP,LEM,DUN,KT2),RETURNC?800)

T L L T

IFDUMi1) EQ.HAGHL . AMD . LENGTH,LE.LENTH2) G0 TO 1810

WRITC(6,28) DUM(1: HAGHE LENGTH,LINTHZ

20 FORMAT({Hi 4~---~- -ERROR---- —--HASHi=4, 242X ,28),/,

i ¥ LENGTH/LENTH2=%,2116)

-
4
<.

PAGE

Y

3



138

199

198

200

205

FROGRAN

C

1oy

£

STAGLE2 T9/76  OPT=C FIN 4.8+498/320

SToP

1010 CONTINUE
KEYPRE=KEYTHP
KEYTHP=(
CALL EREAD(KEYTHP ,LEN, DUN,KT2) KETURNS {"440)
£EYTHF-0
CALL BREAD(KETTHT ,LEN, TLAPO,KT2) , KETURNS {9000)
fiLAPO=LEN
KEYTL=KEYTAP
WRITE(KN,22) (TLAPOUI Y I=1,MLAPD)
I=
=1
i=0

1015 CONTINUL
Lo+l
IF(1.CT.MLAPYGO T 1047
IF(7.CT.NLAPGIGOTO tE1s
IT{TLAPCI) GT.TLAPO( 1) GOTO 1048

1046 CONTIHLC
TLAPN(L)=TLAP(I)
IFITLAP(I) EQ. TLAPD( 71 1]=T4
i=Ivi
5070 1015

1047 IF(7.6T.NLAPD)GOTD 1820

1018 CONTINUE
TLAPNIL)=TLAPD(J)
-Ivi
5070 1015

1020 COMTINLE
LEM=L -1
WRITE(EM, 21)LEN

21 FORMAT(¥ LAPLACE REDUCED TINES IN OLD*HEW FILE - LEN-¥,I5)
WRITE(KW,22) (TLAPN(I) , T-1,LEN)
23 FORMATEX,1P10E4S . 3)

5070 1140

WRITE SOLUTION FILE
1400 CONTINUC
DO 14075 1=§,NLAP
1105 TLAPN{I)=TLAP(I}
LEN=NLAP
1410 CONTIMUE
CALL BLD(20,TITLL,KT3),RETURNS (9000
CALL BLD(11,HASH1,K13) ,RETURNS(3000)
CALL BLD(S,NET,KT3),RETURNS(9000)
TALL BLD(LEN, TLAPN,KT3) ,RETURNS(9004)

LOOP ON LAPLACE REDUCED TINES ---n-- <~ern==mmmmmmmrmees ememone

Li=}
DO 3060 L=1,NLAP
JERG
DO 908 I[=ICON LLGRH
INTGRKiT)=0
900 CONTINUE

2h NOY Y 24.06.05

g
<

PAGE
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23

24

259

255
i

ans

PROGRAN STAGE2 76/7%  OPT=2 FTN 4.8+498/320

L

IF{, NOT.SPACE)GOTO 911
D0 746 I=IK, LK
REALKK(1)=0,

710 CONTINUE

5OTO 919

941 DO 912 I=IK,LENTHK
912 REALEK(I)=0.

DISK=.FALSE,
REND=0
RBLGIN=1
KOFF=0

719 CONTINUE

D0 920 I1=1Q,LQ
REALK{I)=0,

920 CONTINUE

C IF OLDSOL, SCAN FOR STARTING POINT

C

c

IF{.NOT,OLDSOL) GO TO 1200

1120 CONTINUE

IFELJ.6T.NLAPD)GOTO 1208
IF(TLAP(L) .LE. TLAPD(LT))GOTO 1208

1125 CONTINUE

IF(LT.GT.NLAPO) GO TO 1280

D0 1136 N=t,NET

KEYTHP=D

CALL BREAD(KEYTNP,LEN,DUM,KT2) ,RETURNG(?000)
CALL BLD(LEN,DUM,KT3) ,RETURNS(9000)

1130 CONTINUE
1135 CONTINUE

KEYTHP=0
CALL BREAD(KEYTHP,LEN,DUM,KT2),RETURNS (9000)
CALL BLD(LEN,DUN,KTZ),RETURNS(9060)
IF{LEN.EQ.1)GOTO 11240
GOTO 1135
1140 CONTINUE
NFLT=IDUN(1)
REN!
IFiL.CT.NLAP)GOTO 1127
60 70 1120

C GENERATE AND ASSENBLE GTIFFNESS MATRIN

C

1200 CONTINUE

IFiL.ET.NLAP)EOTO 8010

DO 1299 LL=,NET

KEYTNP=0

IFIL.GT. 1. AND.LL.ER. )KEYTHP=KEYEL

CALL BREAD(KEYTNP ,LEN,DUN,KT4),RETURNG(7000)
IFSL.EQ. 1,AND,LL.EQ. 1)KEYEL=KEYTHP
LiUM=TDUN(1)

LMOD=TDUN(2)

13=2
DO 1249 J=1,LNOD
D0 1248 I=1,NDIN

- S

26 NOV 79 21.00.95

C

-
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280

285

295

300

305

310

330

PROGRAM STAGE2 /76 OPT=2 FIN 4,8+498/320

=114
COORDIT, J)=DUM(IT}
1210 CONTINUE
112314
KC=IDUN(TD)
D0 1215 I=1,KC
11=1744
CCID)=DUN(IT)
1245 CONTIMUE
i1=174
RHO=DUN(JT)
13174
YGRV=DUN(J)
1=11M
NGRAVS=IDUN(]J)
IF (NGRAYS . EQ. 0)GOTO 1225
DO 1226 1=1,NGRAVS
13=37#2
NODG(1)=IDUM(JT-1}
DRHO(1)=DUNCIT)
1220 CONTIMUE
1225 CONTIMUE
1F {.NOT .LOAD)EOTD 1227
11=1144 \
NBON=IDUN(JJ)
IF(NBON.EQ. 0)60T0 1227
DD 1226 1=1,NBON
1I=114
IFRCONCH, 1)=TDUN(IT)
DD 1226 J=t,NDIN
JI=114
FBLON{1+7,1)=DUN{T])
1226 CONTINUE
1227 CONTIMUE
NROT=D
CALL CHAT(KC,CC,C,TLAP,L)

IF(DEBUGA )WRITE (KN, 25)LMUM, (CC(T), J=4,KC) , (C(1), =1, 7
25 FORMAT{1X, IS, tP40ES1, 3)

c

IDOF=NDINALNOD

D0 1228 J=1, IDOF
1228 FU(1)=0.

IF{LOAD, AND, NBON. NE. 0)CALL LOADN(LNUH ,NBON,COORD, THK , FBCON, FV KW,

§ 0UT) |

IF {AXISYM.AND.LNOD.EQ. 46070 1234

GO0 (1295,1295,1230,1235,1295,1295,1295,4234 ) ,LNOD
1235 CONTINUE

CALL QUADA(COORD,THK, TENP,C,NROT ,HOD,ANGLE , FV, M, BNAT , LNUM KV,

i DUT,GRAVB,RHO, YERV)

LEN=24

5010 1280
1234 CALL QUAXA(COORD,1.,1.,1.,0.,C,TENP,NROT,NOD, ANGLE,FY, SH,

1 BHAT ,LNUN, KW, 0UT)

LEN=32

2b NOV 77 21.06,05 PAGE
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PROGRAM STAGE2 76776 OPT=2 FIN 4.8+498/320 26 NOV 79 21.06.05 PAGE 7

Cz2-7
G070 {280
1231 CALL HEX8(COORD,C,NROT,NOD,ZANGLE , YANGLE , XANGLE,
i 5M,BMAT,DUN)
LEN=150
335 5070 1280
1230 CALL TRINI(COORD,THK ,C,NROT,NOD,ANGLE .FV,5H,BHAT ,LNUN, KW,
1 DUT,GRAVB,RHO, YGRV)
LEN=13
1280 CONTINUE
348 IF{GRAV)CALL GRF
IF CGRAVS , AND, NGRAUS . NE. 0)CALL GRS(LNUM,NGRAVS,COORD, THK, 5K, YGRV,
i W)
CALL BLD(LEN,EMAT XT3),RETURNS(5000)
CALL ASHLTV(LMUM,IDOF ,5M, FV,REALK, INTGRK
J4S 12906 CONTIMIE
GOTD {380
1295 WRITC(KW,23)LNUN,LNOD
23 FORMAT(x ------ABORT IN EL GEN.----LNiiM/LNODS,16)
ST0P
350 C
C ROTATE NODES - SPECIFY IM DEGREES
C
1300 CONTINUE
KEYTHP=0
355 CALL BREAD(KEYTNP LEN,IDUN,KT1),RETURKS(5000)
KEYROT=KEYTHP
NROT=1DUM(1)
IDRDT=IDUN(2)
IFINROT.EQ.0)G0TD 1400
J50 D0 1390 N=1 ,NROT
KEYTHP=0
CALL BREAD(KEYTMP,LEN,IRDW,KT1),RETURNS(9080)
CALL ROTATE(N,IROW,JROV, KROW,ZANGLE , YANGLE , XANGLE ,REALK , INTGRK)
1390 CONTINUE
368 1400 CONTINUE
C
C BOUNDARY CONDITIONS - SPECIFY IN ICON,LCON .-
€ EXTERNAL
£
178 KETTMP=0
CALL BREAD(KEYTNP LEN,FRCON,KT1),RETURNS(Y000)
KEYECO=KEYTHP
NECON=LEN/4
NuM=0
LY DO 1456 I=1,NECON
NBON=I1"BCON(1,1)
ITINE=IFBCON(4,1)
DP=FBCON(3, 1)
DPGRAV=FBCON(2, 1)
350 IFCITIME.EQ.4.0R, ITIME EQ.5)GOTO 1430
HUN=NUMN+{
INTGRK ¢ ICON-1+NUM) =NBON
IF{ITIME.EQ.§.0R. ITINE.EQ.3)CALL BTINC!I,FBCON,IFBCON,
i REALK,+1456)
345 RCALK(IQ-1+NBON)=DP




390

395

409

405

440

415

420

430

435

449

PROGRAM STABE2 76/76  OPT=2 FTN 4.8+498/320

60TD 1450
1430 CONTIMUE
IF i MOY.SPACE.AND. (NBON.LT.RBEGIN,OR , NEON.GT,REND))
i CALL SHIFT(REALKK,INTGRK,NBON,NBON)
¥=IKOUNT-1+NBON
N=INTGRK (N)+NBON-KOFF
IF{ITIME.EQ. 4)REALKK (M)=REALKK(N)+DPGRAYV
IF{ITINE,ER.S)REALKK (N)=REALKK (N)#DP +DPGRAV
1450 CONTINUE
NECON=NUN

INTERNAL

[ BN e B o B v |

KEYTHP=3
CALL BREAD(KEYTHP ,LEN,FBCON,KT4) ,KETURNS(9000)
KEYICO=NEYTHP
NICONSLEN/A
IFINICON.LE.0) GO TO 540

c

[ WRITE IADR VECTOR FOR CONSTRAINT DOF
IF(L.NC.4)6010 155
DO 1520 I=1,NDI

1520 TADR(1)=0
D0 1522 I={,NICON
N=IFBCON(2,1)
IF(IFBCONGY, 1) .GE. 10)60TD 1522
TADRIN)=]

1522 CONTINUE

1559 CONTINUE

c

DP=TLAP L)

TIMC=RLAX

CALL BCONINGIFBCON,DUM,REALK , INTGRK NROW, HROW 1, 1 )
1560 CONTINUE

C APPLY BOUNDARY CONDITIONS

CALL BCON(REALK, INTGRK)

FORCES

£y ey M

1576 CONTINUE
KEYTHP=0
CALL BREAD(KEYTMP,LEN,NBON,KT1) ,RETURNG(9000)
IF(LEN.EQ.1)60TO 1580
IF(ITIME.EQ.2) CALL RTINC
REALK{1Q-1+NBON)=REALK ( Q-1 +NBON)+DP
5070 157
1580 CONTINUE
c
C SAVE G/U FOk SOLVE AND WRITE
€
CALL BREAD(KEYLLR,LEN,DUM,KT1) ,RETURNS(9000)

ch NOV 79 21.06.05 PAGE

C2-%

8



445

450

155

440

465

470

475

480

485

494

495

PROGRAM STAGE2 76/76  O0P1=C FIN 4.3+498/328 26 NOV 79 21.86.05 PAGE

CALL BMRITE2(KEYLLQ,LEN,REALK(IQ),KTi),RETURNS(?000)
WRITE(L,30)

38 FORMAT(3 DISPLACCHENT/FORCE VECTOR - 1)
IF(OUTIMRITE(S,31) (REALK(T), 1=1Q LQ)

31 FORMAT(iH ,{P{OE{1.3)

C
T FALTOR MATRIX ----- e e
IF(ENTRY.GT. D)60T0 108

C

IF(SINGIGOTO 1600
CALL FACTPD{REALK,INTGRK)
GOT0 1510

1606 CALL FACTSD(REALK,INTGRK)
GOTD 1548

1608 ENTRY={

1610 CONTINUE

LOOP O# SOLUTIONS ------ e
IFBCON(4,1) = 0 -5ET BY INVERSION TO UNIT VALUE
i - SET BY FTIME WITH INVERSION
2 - NOT INCLUDED IN INVERGION -SET BY INPUT VALUE
USE FOR DISPLACEMENT SOLUTION
3 - MOT INCLUDED IN INVERSION - SET BY FTIME
4 - INVERT DISP., THEN FTIMC FOR CRELP
0 - STRESS INVERSION

Lar B v B B 2 BV o B oo M o BN o O e B o }

NSOL=0

IF(DISP)GOTO 2608
IF(NICON.LE.0)GOTO 2000
CREEP=, FALSE.
AGAIN=,FALSE.

1620 DO 1690 I=1,NICON
ITINE=1FBCON(4, 1)
IFCITIME.EQ.2.OR. ITIME.EQ.3) GO TO 1630
IF(ITIME.EQ.4)CREEP=, TRUE,
JI=IFBCON(2,1)
IF(AGAIN)GOTO 1460

C----UNIT 5TRESS INVERSION
IF(ITINE.EQ.10)CALL SOLVE2(I,FBCON, IFECON,REALK , INTRK ,DPST,
i .TRUE.,DUN, IDUN) ,RETURNS(1678,9000)
C----UNIT CREEP
TF(ITINE.EQ.1)CALL SOLVE2(I,FBCON, IFBCON, REALK , INTGRK,
§ FTINE(TLAP(L),FBCON(3,1),IRON), .FALSL. ,DUN, IDUN),
2 RETURNS(1670,9000)
C----UNIT DISP. INVERSION
IFCITINE.EQ. 8)CALL SOLVE2(I,FBCON,IFBCON,REALK, INTGRK 1., FALSE.,
§ DUM, IDUN) ,RETURNS(1570,9000)
IF{ITINE.EQ. 4)CALL SOLVE2(T,FBCON, IFBCON, REALK , INTGRK, 1., . FALSE. ,
1 DU, TDUN) , RETURNS(1670,9000)
C----CREEP PLUS DISP.
1660 IF(ITINE.EQ. 4)CALL SOLVE2(I,FBCON, IFECON,REALK, INTGRY,
1 FTINE(TLAP(L),FBCON(3, 1), IRON), .FALSE. ,DUN, 1DUK),
= RETURNS(1670,9800)
READ(28)

C2 -9
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Ce-lc

GOTO 1580
1670 CONTINUE
NSOL=NSOL+
1686 CONTINUE
500 1699 CONTINUE
IF (AGAIN)GOTD 3000
IF (CREEP )AGAIN=. TRUE.
RENIND 20
IF(AGAIN)GOTO 1620
505 GO 7O 3000
C
C NORMAL DISPLACEMENT SOLUTION
2000 CONTINUE
NS0L=4
540 CALL SOLVE2(1,FBCON, IFBCON,REALK, INTCRK, 1., . FALSE.,
i DUM, TDUN) ,RETURNS(3000,9000)
3000 CONTINUE
WRLTE(6, 40)NSOL, L, TLAP(L)
40 FORNAT(R =)=)=)8,14,¢ SOLUTIONS FOR RCDUCED TIME=8,14,3 COMPLETED

515 {USING TLAP=#,1PE1].4)
NFLT=NS0L
CALL BLD(1,NFLT,KT3),RETURNS(9060)
C
8098 CONTINUE
528 IF{OLDSOL.AND.LJ .LE . NLAPD)GOTO 442

BOi0 CONTINUE
LEN=NICON%4
IF(LEN.EQ. 0)LEN=1
CALL BLD(LEW,IFBCON,KT3) ,RETURNS(90800)
525 CALL FRC(0,0,KT3)
WRITE(b, 4S)NLAP
45 FORMAY(1X,///,% --------5TAGE2 CONPLLTED---------%,14,% REDUCED T1
1HESY)
sTop
530 9080 CONTINUE
WRITE(6,50)LEN, KEYTHP
58 FORMAT(X -----=--- ERROR---~----IN DREAD--¥,218)
5T0P
END

CARD Nr. SEVERITY DETAILS  DIAGNOSIS OF ROBLEM

534 1 216 NON-INNER LOOP BCGINNING AT THIS CARD IS ENTERED FROM OUTSIDE ITS RAWGE.

SYMBOLIC REFERENCE NAP (R=1)

PAGE
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PROGRAM STAGE2

ENTRY POINTS

12335

STAGE2

VARIABLES

14552
14202
46246
47472
14553
i0

i2
14606
2

15

13

E)

5
b

0
14604
14612

5
14562

3|

LT G SO I e e ] g

[ 2
-+
&
= un

14556
26

14570

14475

14618

AGAIN
AXISYH
BHAT
c
CREEP
DEBUG2
DISP
DPGRAV
DRHO
ENTRY
FILL
GHALT
GRAVB
HASHL
1ADR
I1DOF
IDuM
IK

iKi
INASTR
INDEXY
INDEX3
i
IRON

J

JROW
KC
KEYECD
KEYICO
KEYPRE
KEYROT
KEYTHP
KLEN
KHIN
Kkp

KR

KT
K73

kv

L

LEN
LENTHK
LENX
LK

iR
LMASTR
LNDDNW
LOAD
LREC
HROW
¥BON

SN TYPE

LOGICAL
LOGICAL
REAL

REAL

LOGICAL
LOGICAL
LOGICAL
REAL

REAL

INTEGER
LOGICAL
LOGICAL
LOGICAL
REAL

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
LOGICAL
INTEGER
INTEGER
INTEGER

76/76  OPT=2

RELOCATION

ARRAY
ARRAY

ARRAY

ARRAY

ARRAY

ARRAY
ARRAY

ARRAY

10
PROB

GRY
SHIFT
SHIFT
PROB
PROB
PROB
BADR

BEGIN

BEGIN
INDEX
INDEX
BEGIN
roT

ROT

KEY
KEY
KEY
KEY
KEY
SHIFT
SHIFT
io

10

10

10

10

KEY

BREAD
END

END
SIZE

BLD

BOUND

ANGLE
B

C
COORD
DEBUGS
DISK
P
st
DuM
FBCON
Fy
GRAV
GRAVS
I

ICON
IDROT
IFBCON
IKOUNT
(1.4
INDEXK
INDEX2
INTGRK
IREC
ITINE
1
KBEGIN
KEND
KEYEL
KEYLLO
KEYRL1
KEYTL
KEYX
KHAX
KOFF
KPTR
KROW
K12
KUNIT
KiX
LCON
LENGTH
LENTH2
L
LKOUNT
LLNZ
LNOD
LNUM
Le
LRECBR
N

NDIN

FIN 4,84498/320

REAL

REAL

REAL

REAL

LOGICAL
LOGICAL
REAL

REAL

REAL

REAL

REAL

LOGICAL
LOGICAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

SUNDEF
ARRAY
ARRAY

ARRAY
ARRAY
ARRAY

ARRAY

ARRAY
ARRAY
ARRAY

ARRAY

ARRAY

2b MOV 79 21.06.05

10
SHIFT
BOUND

PROB
PROB

BEGIN

BEGIN
BEGIN
INDEX
INDEX
KK
BLD
BOUND

SHIFT
SHIFT
KEY
KEY
KEY
KEY
BREAD
SHIFT
SHIFT
BLD
ROT
10
SHIFT
BREAD
END
PROB

END
END

END
BREAD

PROR

PAGE

131



PROGRAN STAGE2

VARIABLES
i DT
13 NECOM
2 NETNEW
0 NFX
14577 NGRAVS
{0 MAP
14550  NNLAP
15 MODG
14607 NROW
14605  NUM
14204 OLDSOL
§
0 REALK
7 REND
i RHOF
14550 RHAX
14176 SING
12 SPACC
14177 THK
47504 TITLC
46176 TLAPN
14554 TWOK
b X
§ XIO0WR
14576 YGRY

FILE NAMES
0 INPUT
1534 TAPEL3
445 TAPES

EXTERNALS
ASHLTYV
BCONIN
BREAD
BTIME
CHAT
FACTSD
FTINE
GRS
LOADN
OTINE
QUAX4
SHITT
TRIN3

NAMELISTS
IN

STATEMENT LABELS

14323 10
14376 24
14422 25
14474 49
8 265

FNT
AT
FHT
FNT

78/76  ORT=2
SN TYPE RELOCATION
INTEGER SIZE
INTEGER PROB
INTEGER SIZE
INTEGER BREAD
INTEGER
INTEGER PROB
INTEGER
INTEGER  ARRRY  GRV
INTEGER
INTEGER
LOGICAL
LOGICAL 10
REAL ARRAY KK
INTEGER SHIFT
REAL &RV
INTEGER  YUNDEF
LOGICAL
LOGICAL SHIFT
REAL
REAL ARRAY
REAL ARRAY
LOGICAL
REAL ARRAY  BRV
REAL ARRAY  BLDID
REAL
NODE
45  QUTPUT
2412 TAPELB
HIXED
TYPE  ARGS
b
8
3
5
5
REAL 3
?
8
¢
16
]
15
10K
14344
14441
14443
14512
INACTIVE 0

15
22
30
15

248

FTN 4,5+498/320

3 NDTNEW  INTEGER
0 NET INTEGER
7 NFLT INTEGER
0 NGRAV INTEGER
14 NICON INTEGER
14563  NLAPD INTEGER
14602 NOD INTEGER
14600 NROT INTEGER
14641 NSOL INTEGER
14 NUMROW  INTEGER
{ OLDWRK  LOGICAL
6 RBEGIN  INTEGER
§ REALKK  REAL
14575 RHO REAL
{4555 RLAX REAL
14554 RAIN INTEGER
46556  SM REAL
47530 TEWP REAL
i TIME REAL
46222 TLAP REAL
46152 TLAPO REAL
S XANGLE  REAL
0 XIOBR REAL
4 VANGLE  REAL
3 IANGLE  REAL
1112 TAPE1M
1745 TAPE20
BCON
ELD
BREAD2
BWRITE2
FACTPD
FRC
GRF
HEX8
OPENMS
QUAD4
ROTATE
soLvez
FuT
FHT
FHT
FAT
INACTIVE

ARRAY

$UNDEF

ARRAY
ARRAY

ARRAY
ARRAY

ARRAY

UNFHT

bt

el
DV QI < SR I R SV RN S LN N ]

14356
14432
14457
14527

2b NOV 79 21.06.85

SIZE
SIZE
PROB
GRV

PROB

SHIFT
PROB
SHIFT
KK

BOUND

ROT
BREADID
roT
rOT

1323 TAPE{2
0 TAPES

a0 FNT
a3 FNT
H FHT
56 FNT
280

-

NAME

PAGE
-1 2.



PROGRAM STAGE2 /76 OPT=2 FIN 4.8+498/328 26 NOV 79 21.86.05 PAGE 13

C2 -1
STATEMENT LABELS
12447 282 12462 330 p 990
P 71 12607 944 P 942
12646 949 ? 920 1800 INACTIVE
12501 1018 12525 1045 12532 1046
12536 104” 12540 1048 12542 §028
{2555 1100 B 1405 12563 140
2623 1120 12638 1425 0 1138
12645 113° 12655 1140 12663 1200
0 1240 i 1215 b 1220
12746 122 b 122 12765 1227
b o122 13042 1230 13036 123
13032 1234 13026 1235 13045 1200
0 1790 13064 1295 13667 1300
0 1390 13106 1480 13144 1430
13178 1450 0 1520 13247 1522
{3222 1550 13227 1560 13234 1570
13246 1530 13273 1400 13276 1608
13277 18i0 13305 1620 13343 1660
13757 §470 13361 1480 0 1690
13373 2000 13376 3000 8 8000
13414 2040 13425 90080
LOOPS LABEL  INDEX  FRON-TO  LENGTH  PROPERTIES

137 139 2B INSTACK
204 285 3B INSTACK

12442 280
12557 1105

2575 800 216 519 6i4B EXT REFS ENTRIES  EXITS  NOT INMEK
12577 940 218 220 2B INSTACK

f2604 9i8 222 224 2B INSTACK

12641 92 226 227 2k INSTACK

i2628 920 233 235 2k INSTACK

12635 1138 245 249 itp EXT REFS  EXITS

12670 1299 L 266 345 1748 EXT REFS  EXITS  NOT INMER

12745 1210 274 278 4B NOT INNER

12746 1210
12726 1215
12741 1220
12756 1226
12761 1226
13p0 1220
13076 1398
13446 14560
13207 520
il2i4 iS22

275 278 2B INSTACK

281 284 2B INSTACK

292 296 4B INSTACK

302 308 78 NOT INMER

365 308 2k INSTACK

317 348 B INSTACK

360 364 108 EXT REFS  EXITS
375 394 SoB EXT REFS

408 409 2B INSTACK

410 444 5B INSTACK

fred Pt bemt Pt SR Cng Cng Seeh ot emd oo S [ SR bt bemd bt et P e bt

13366 1599 472 500 5S6b EXT REFS  EXITS
COMMON BLOCKS  LENGTH

BREAD 62

EREADID 2048

BLD 3

BLDIO 2048

INDEX 4900

BADR 5000

KK 135800 LCH

10 b

SIZE 5



PROGRAM STAGE2 76/76  0PT=2 FTN 4.8+4498/320 26 NOV 79 21.06.05 PAGE 14

COMON BLOCKS  LENGTH | Cz-14
KEGIN b
END b
PROK 13
Ry i8
ROT b
HOUND 3
KEY 10
SHIFT 1
STATISTICS
PROGRAN LENGTH 37328 45322
BUFFER LENGTH 16028 4994

SCM LABELED COMMON LENGTH 35763 13254
LCH LABELED COMMON LENGTH 377670F 131080
130600 SCM USED



BLOCK DATA IO

76/76  OPT=2

BLOCK DATA 10

COMNON/0/KR KN, KP,KT1,KT2,KT3,00T
COMMON/PROB/HASH , OLDWRK ,LENGTH, GRAV, GRAVS , GRAVB, GNALT, NFLT,

§ NLAP,NDIH,DISP ,NECOM, NICON
COMMON/BREAD/NFX , LRECER , KEYX(28) ,LENX(280) ,K1X(20)
COMMON/BLD/KPTR , LREC , IREC

i0

DATA KPTR/4/,LREC/2648/,IREC/1/

DATA LRECBR/2048/

DATA NFX/8/,KEYX/2088/,LENX/20%0/ ,KiX/20%0/

FTN 4.8+498/320

DATA KR/S/,KW/6/ ,KP/77/ KT4/44/ K12/42/ KT3/43/,0UT/ FALSE./
DATA OLDWRK/.FALSE./

END

SYMBOLIC REFERENCE MAP (R=1)

VAR TABLES SN TYPE RELOCATION
i2 DISP REAL PROB b GHALT
3 GRAV REAL PROB S GRAVB
4 CRAVS REAL PROB §  HASHi
2 IREC INTEGER BLD 2 KEYX
2 kP INTEGER ID § KPTR
? KR INTEGER 10 3 KT{
4 KT2 INTEGER 10 5 K13
i Ki INTEGER 10 52 KiX
2 LLNGTH  INTEGER PROB 26 LENX
i LREC INTEGER BLD { LRECBR
11 HDIN INTEGER PROB 13 NECON
7 NFLY INTEGER PROB 0 NFX
14 NICON INTEGER PROB 10 MLAP
{ OLDWRK  REAL PROB 6 ouT
COMNON BLOCKS  LENGTH
10 7
PROB 13
BREAD 62
BLD 3
STATISTICS
PROGRAM LENGTH 6B b
SCH LABELED COMMON LENGTH 1253 85

130660B SCH USED

REAL

REAL

REAL

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL

ARRAY

ARRAY
ARRAY

25 NOV 79 15.84.59

PROB
PROB
PROB
BREAD
BLD
10

10
BREAD
BREAD
BREAD
PROB
BREAD
PROB
I0

C2

PAGE
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SUBROUTINE ASMLTV 76/76  OPT=2 FTN 4,8+498/320 25 NOV 79 15.04.59 PAGE

i8

25

3o

B

10

45

o8

55

C2-16
SUBROUTINE ASMLTV(LNUM,NDE,ELK,ELQ,REALK , INTGRK)
C e
it isitdsiitideiddrdiitiitdiitttitsdiitiipltettititeitstibeittitdiess)
C FINITE ELEMENT ANALYSIS BASIC LIBRARY
C SUBROUTINE FOR ASSEMBLY FOR ELEMENT WITH K IN LTV FORM
C B - [
L. ’
C VERSION 2 RELEASE 2 (REPLACES ASEMBL IN VERSION 2 RELEASE 1)
(mitiiteietegititetiinetitittttineiitittodijnsitideeiodiiiddttitisestst]
DIHENSION REALK(2), INTGRK(2)
LEVCL 2,REALK , INTGRK
LEVEL 2,REALKK
DIMENSION ELK(2), ELQ(2)
INTEGER RMAX,RNIN
LOGICAL SPACE,FILL

COMMON/KK/REALKK(2)

COMMON /BEGIN/ ICON, IKOUNT, ILNZ, THASTR , 1G, IK
CONMON/SHIFT/ KUNIT,KLEN,KBEGIN,KEND, KHIN,KNAX,RBEGIN, REND,
§ KGFF ,DISK, SPACE  FILL
IKOUHE = IKOUNT-1
10K = 1Q-4
C SET ADDRESS POINTERS
IDOF = TNASTR4LMUN-1
7007 = INTGRK(IDOF)
=i
c
C TEST IF SHIFT AND SET RMIN AND RNAX FOR CLENENT
IF{SPACE)GOTO 184
RMAX=INTGRK { TDOF)
RNIN=RMAX
K=1D0F-1
D0 166 LROW=1,NDE
HCOL=INTGRK (K +LROW)
RMAX=NAXO (NCOL , RNAX)
RNIN=NING (HCOL ,RNIN)
109 CONTINUE
FILL=.FALSE,
CALL SHIFT(REALKK, INTGRK,RNIN,RNAX)
104 CONTINUE
C_-_..
C LOOP OVER LOWER TRIANGLE OF ELEMENT STIFFNESS MATRIX ELK (STORED IN
C LOMER TRIANGLE VECTOR FORN)
DO 2 LROW = i ,NDE
C ROV MASTER NUNBER
NROW = INTGRK (JDOF)
{ ASSEMBLE FURCE CONPONENT
K = 10Hi+HROV
REALK(K) = REALK(K) +ELQ(LROW)
C UPDATE ROW MASTER NUMBER LOCATION’ SET COLUMN NASTER NUNBER LOCATION
ID0F = JDOF
KDOF = INTGRK (IDOF)
D0 2 LCOL = 1,LRON
€ COLUMN NASTER NUMBER AND LOCATION UPDATE



SUBROUTINE ASHLTV 76/76  0PT=2

60

65

70

HCOL = INTGRK(KDOF)
KDOF = KDOF+4
C SORT FOR LARGER ROW/COLUNN NUMBER
IROW = MROW
JCOL = MCOL
IF (MROW .GE. MCOL) GO TO
IROW = NCOL
JCOL = MROW
C CALCULATE ABSOLUTE ADDRESS OF K(IROW,JCOL)
£ K = IKOUNS+IROW
K = INTGRK(K}+JCOL-KOFF
C ASSEMBLE STIFFNESS COEFFICIENT
REALKK(K) = REALKK{(K)+ELK(IJ)
C UPDATE ADDRESS IN ELEMENT STIFFNESS MATRIX
213 =14
RETURN
END

SYNBOLIC REFERENCL MAP (R=1)

ENTRY POINTS
J ASMLTY

VARIABLES
i1 DISK
b ELQ
8 ICON
HL )
181 TKOUME
2 INZ
0 INTGRK
102 Iami
115 JooL
106 X
112 KDOF
i KLEN
KMIN
KUNIT
LNUN
HeOL
NDE
REALK
7 REND
100 RMIN

a ey D A

EXTERNALS
SHIFT

INLINE FUNCTIONS

HAX0

SN TYPE RELOCATIDN
REAL SHIFT § ELK
REAL ARRAY F.p. 13 FILL
INTEGER BEGIN 103 IDOF
INTEGER S IK
INTEGER { IKOUNT
INTEGER BEGIN 3 INASTR
INTEGER  ARRAY F.P. 4 10
INTEGER 114 IROW
INTEGER 164 JDOF
INTEGER 2 KBEGIN
INTEGER J KEND
INTEGER SHIFT S KNAX
INTEGER SHIFT 10 KOFF
INTEGER SHIFT 113 LCOL
INTEGER F.P. 187 LROW
INTEGER iif MROW
INTEGER F.p, b RBEBIN
REAL ARRAY F.p. 0 REALKK
REAL SHIFT 77 RWAX
INTEGER 12 SPACE
TYPE  ARGS
3

TYPE  ARGS
INTEGER ¢ INTRIN HING

FTN 4.8+498/320

REAL

LOGICAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL

REAL

INTEGER
LOGICAL

INTEGER

ARRAY F.P.
SHIFT

BEGIN
BEGIN
BEGIN
BEGIN

SHIFT
SHIFT
SHIFT
SHIFT

SHIFT
ARRAY KK

SHIFT

? INTRIN

25 NOV 79 45.04.59 PAGE
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SUBROUTINE ASMLTY 76/76  OP1=2 FTN 4.8+498/320 25 MOV 79 15.04.59 PAGE 3

STATENENT LABELS (2-1¥
62 1 ) 2 T
% 18

LOOPS LABEL INDEX  FRON-TO  LENGTH  PROPERTIES
24 100 LROM 3 38 B INSTACK
5 2 LROV SN 24 NOT TNNER
5% 2 LD S470 26 INSTAOK

CONMON BLOCKS  LENGTH

KK 2 LCA
BEGIN 5
SHIFT 12

STATISTICS

PROSRAN LENGTH 28 8

SCH LABELLD COMMON LENGTH 22B 18
LEM LABELED COMMON LENGTH 2B 2
1366008 SCM USED
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SUBROUTINE BCON(REALK , INTERK)
L
ChoanassaannasausuaanasssRssssssaxessasssssstisaqassassaasiassssvanses
C FINITE FIFMENT ANALYSIS BASIC LIBRARY SUBROUTINE-VERSION 2

i
CHBREBAR SR RRRRE SR RN R TSR ERRRTRNARE SIS NANNELISENTIRIRRSLRSRRLIARNN
DINENSION REALK(2), INTGRK(2), TIRON(10), DIROM(10)
LEVEL 2,REALK, INTGRK
LEVEL 2,REALKK
LOGICAL OUT,SPACE,FILL,DEBUGS , DEBUG?
INTEGER RBEGIN,REND
CONMON /107 KR, KN, KP, KTi, KT2, KT3, OUT,DEBUGE ,DEBUG2
COMMON /SIZE/ NET, NDT
COMNON /BEGIN/ ICON, IKOUNT, ILNZ, INASTR, 18, IK
CONHON /END/ LCON,LKOUNT LLNZ,LNASTR, L@, LK
CONNON /SHIFT/ KUNIT,KLEN,KBEGIN,KEND,KNIN,KNAX ,REEGIN,REND,
§ KOFF,DISK, SPACE, FILL

COMMON/KK/REALKK (2)
C
C VERSION 2 RELEASE 1 AUGUST 1972
C
c

C PRINT CONTROL

904 FORMAT(79HODISPLACENENT CONSTRAINTS HAVE BEEN APPLIED TO THE FOLLO
{NING DEGREES OF FREEDON,/,SX,7HDOF NO.,2X,12HDISPLACENENT)

962 FORMAT(X,10110/1X,1P10E10.2)

903 FORMAT(1X,72H ABOVE DOF NUMBER APPEARS TICE
§ IN CONSTRAINT LIST,/,1X,8SHEXECUTION TERNINATED IN SUEROUTINE BCD
2N DUE TO POSSIBLITY OF BOUNDARY CONDITION ERROR)

994 FORNAT(62HOYOUR STRUCTURE IS FLYING FREE. PLEASE CONSTRAIN IT NEXT
1 TINE.,/,1X,2BHEXECUTION TERNINATED IN BCON)

INOUME = TKDUNT-{
ILNZNE = ILNZ-
10M = 161
C PRINT ENTRY MESSAGE
WRITE (KN,901)
C ORDER THE CONSTRAINT RON NUMBERS IN ASCCNDING SEQUENCE
LAST = LCON-4
IF (LCON .67, 8) €O 10 §
WRITE (KN, 904)
STOP
1 IFLAC = 0
D0 2 1 = JCON,LAST
IF (INTGRK(I+f) ,GE. INTGRK(I)) 60 70 2
7 = INTGRK(D)
INTGRK(I) = INTCRK(I+1)
INTGRK(1¢4) = J
ITLAG = §
2 CONTINGE
IF (IFLAE .EQ. 1) GO TO 4
IE=0
J=ICON
50 IF(INTGRK(J).EQ.0.AND. IE.LE.LCON)GOTO 50
6OTO 70
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58

&5

]

90

95

ieo

105

110

60 DO 65 I=J,LAST
£5 INTGRK(1)=INTERK(I+)
1E=IEH
INTGRK{LCON)=0
GOTO 50
70 CONTINGE
C CHECX T0 SEE IF ANY ROM MUMBERS HAVE BEEN ENTERED IN CONSTRAINT
C VECTOK - ABORT THE RUN IF NONE HAVE BEEN
T=4
D0 100 1 = ICON,LCON
100 7 = JUINTGRK(I)
1F (7 .6T. ) GO TD 206
WRITL (KV,904)
STOP
C OUTPUT CONSTRAINT LIST
268 NROW=1
D0 4 1 = ICON,LCON
IF (INTGRK(I) .EQ. 0) GO T0 4
C CHECK FOR REPEATED DOF AFTER 1ST ONE
Ir {1 .EQ. ICON) GO TO 3
IF (INTGRK(I) .NE. INTGRK(I-1)) GO 70 3
WRITE {X¥,903)
570
37 = TOML+INTERK(T)
IF{.NOT . DUT)EOTO 4
TIROW(NROW)=INTGRK (1)
DIROW(NROW)=REALK (]
NROW=NR O+
IF (NROW,LT. 14)60T0 4
WRITE(KW,902) T IROW, DIROW
NRON=1
4 CONTINUE
IF (OUT)WRTTE (KN, 702) 1IRON, DIROV
C LOOP OVER CONSTRAINED DOF FOR NODIFICATION OF COMPLETELY ASSEMBLED
C FORCE VECTOR
FILL=.FALSE.
D0 74 1= ICON,LCON
IF (INTGRK(I) .EQ. 8) GO TO 74
C CHECK IF PRESCRIBED DISPLACEMENT = O -- IF IT DOES, SKIP FORCE VECTOR
MROW = INTGRK(I)
N = TQM1+NRON
IF {REALK(N) .EQ. 0.) 6O T0 7t
C DISPL .MC.  -- LOOP OVER ALL ROWS TO MODIFY FORCE VECTOR -- SKIP
C CONSTRAINED RONS (CONTROLLED BY VALUE OF NEXT)
NEXT = 1CON
DO 7 NRON = 1,NDT
IF (NROV .NE. INTGRK(NEXT)) GO T0 5
NEXT = NEXT+
20 T0 7
S IF (NROW .GT. MROW) 60 TO 54
C CHECK FOR COUPLING OF RON NROW WITH COL MROW
T = ILNZN{+NRON
IF (INTCRK(J) .GT. MROW) G0 T0 7
IRV = NROW
IC0L = WROW

-

4.59

PAGE
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Cz-2

115

125

130

135

140

145

150

155

168

165

GO T0 &
C CHECK FOR COUPLING OF ROW HROW WITH COL NROW
Si 7 = ILNZNi+MROV
IF (INTGRK(J) .GT. NROW) GO TO 7
IR0V = MROW
ICOL = NROW
C SUBTRACT K#(PRESCR DISPL) FROM FORCE VECTOR
6 KADR = IKOUM1+IROW
IF(.MOT.SPACE.AND. (IROW.LT.RBEGIN.OR . IROW.GT.REND))
{ CALL SHIFT(REALKK,INTGRK,IROW,IROW)
KADR = INTGRK(KADR)+ICOL-KOFF
N = TQM{+NROW
REALK(N) = REALK(N)-REALKK(KADR)SREALK (M)
7 CONTINUE
714 CONTINUE
C LOOP OVER CONSTRAINED ROWS TO DECOUPLE THEN FROM RESY OF K MATRIX
DO 11 I = ICON,LCON
IF (INTGRK(I) .EQ. ) €0 TO i
NROW = INTGRK(I)
INIT = ILNZMi+MROV
INIT = INTGRKCINIT)
C SHIFT ROWS IN REALKK IF MECESSARY
IF (. NOT. SPACE . AND . (WROW.LT .RBEGIN.OR . NROW.GT . REND))
{ CALL SHIFT(REALKK,INTGRK ,MROV,NRON)
C SET ROW = §
# = IKDUNE +HROW
M = INTGRK(M)-KOFF
DO 8 MCOL = INIT,MROW
KADR = N+NCOL
8 REALKK{(KADR) = 0,
C SET COLUNN = 0 IN ROWS WHOSE LNZE COL MO IS .LE. MROW -- SKIP THIS
C SECTION IF MROW IS THE LAST ROM
IF (HROW .EQ. NDT) GO 70 10
INIT = MROW+
DO 9 NROW = INIT,NDT
N = ILNZN{i+NROW
IF (INTGRK(N) ,GT. MRON) GO T0 9
IF{.MOT,SPACE .AND, (NROW.LT.RBEGIN.OR.NROW.GT .REND))
§ CALL SHIFT(REALKK,INTGRK,NROW,NROV)
KADR = IKOUNL+NROW
KADR = INTGRK(KADR ) +MROM-KOFF
REALKK(KADR) = 0.
9 CONTINUE
C SET DIACONAL ENTRY =
10 CONTINUE
IF(SPACE)GOTO 184
SF (MROW. LT, RBEGIN, OR . MROW. CT . REND)
i CALL SHIFT(REALKK,INTGRK,NROW,HRON)
H=IKOUM +HROV
N=INTGRK ¢%)~KOFF
101 CONTINUE
KADR = N+NROW
REALKK(KADR) = 1,
{1 CONTINUE
RETURN

PAGE

3



SUBROUTINE BCON

SYNBOLIC REFERENCE MAP (R=1)

ENTRY POINTS

3

BCON

VARIABLES

7
515
13
475
467
503
450
2

3

0
462
465
2

o
~3 =3
b 3 Wl o SO e U Ll T e e

-
\‘eﬂ‘d-ﬁ

DEBUGH
DIROW
FILL
IcoL
IE
TIROW
IKOUMS
LNz
INASTR
INTERK
1084

J
KBEGIN
KLEN
KMIN
kp

KTi
K13
KW
LCON
LKOUNT
LMASTR
|
NROW
L)
NEXT
out
REALK
REND

EXTERNALS

STATEMENT LABELS

24
16
23
302
164

54
316
366

SHIFT

i
4
7
10
54
70
191
"z

END

FHT

76776 OPT=2

SN TYPE RELOCATION
LOGICAL 10
REAL ARRAY
LOGICAL SHIFT
INTEGER
INTEGER
INTEGER  ARRAY
INTEGER
INTEGER BEGIN
INTEGER BEGIN
INTEGER  ARRAY  F.P.
INTEGER
INTEGER
INTEGER SHIFT
INTEGER SHIFT
INTEGER SHIFT
INTEGER 10
INTEGER 10
INTEGER 10
INTEGER 10
INTEGER END
INTEGER END
INTEGER END
INTEGER
INTEGER
INTEGER SIZE
INTEGER
LOGICAL 10
REAL ARRAY  F.P.
INTEGER SHIFT
TYPE  ARGS

4

3

{54

)

322

M

224

65

72

11
ot
n
2609
903

16
i1
465

464

461
508

474
476

564
477
L]
470
b

]
12

DEBUG2
DISK

1

I1CON
IFLAG
X
IKOUNT
ILNZMS
INDY
19
IROW
KADR
KEND
KNAX
KOFF
KR

K12
KUNIT
LAST
LK
LLNZ
e
KeoL

N

NET
NROW
RBEGIN
REALKK
SPACE

FHT

FTN 4.8+498/320

LOGICAL
REAL

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL

LOGICAL

ARRAY

104
170
277

37

354
414

25 NOV 79 15.04.59 PAGE

I0
SHIFT

BEGIN

BEGIN
BEGIN

BEGIN

SHIFT
SHIFT
SHIFT
10
10
SHIFT

END
END
END

SHIFT
KK
SHIFT

56
65
i0d
904
904

o~

(2-22

FHT
FuT
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SUEROUTINE BCOW 76776
LOOPS LABEL  INDEX FRON-TO
B 2 1 44 50
45 85 I 56 57
57 108 I 65 66
7 4 1 72 87
i M I 92 125
144 7 NROW 104 124
225 1 1 127 164
250 8 KoL 138 140
5 9 NROW 145 153
COMMON BLOCKS ~ LENGTH
10 ?
SIZE 2
BEGIN b
END b
SHIFT i2
KK 2 LCH
STATISTICS
PROGRAM LENGTH
SCM LABELED COMMON LENGTH
LCM LABELED CONMON LENGTH

1380008 SCM USED

2B

0PT=2 FTN 4,8+498/320

LENGTH  PROPERTIES
5B INSTACK
3B INSTACK
2B INSTACK
31B EXT REFS
74B EXT REFS NOT INNER
558 EXT REFS
106R EXT REFS NOT INNER
2B INSTACK
248 EXT REFS

343
ki
2

25 NOV 79 15.04.%9 PAGE
C2-25
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PAGE

C2-2d

SUBROUTINE BCONIN(ITBCON,DUM,REALK,INTGRK NROW,KROW,DIRV,DIST),
1 RETURNS{R1)
C----COMPUTES INTERNAL BOUNDARIES
C----ITYPE = IFBCON(4,D)
0-INVERSION FOR DISP. VALUE
i -SET BY FTIME
2-DISP. SET BY INPUT VALUE DP - NO INVERSION
5-DISP. SET BY FTIME- ND INVERSION
i~ CAME AS 2 BUT FOR BC ON ANTI-SYN PROBLENS
10-STRESS INVERSION

Lar B B o B 2 B e B o B o |

DINCNSION REALK(1),INTGRK(1),IFBCON(4,1),DUN(1)
LEVEL 2,REALK, INTGRY
LEVEL 2,REALKK
LOGICAL DISP, ENTRY2,SPACE,FILL
INTCGER RBEGIN,REND
EQUIVALENCE (IDP,DP)
COMMON/STZE/NET NDT
CONMON,/BEGIN/ICON, IKOUNT, 1LNZ, INASTR , 14, IK
COMMON/END/LCON, LKOUNT  LLNZ, LNASTR L@, LK
COMHON/PROB/HASH1 , OLDWRK , LENGTH, GRAV, CRAVS , GRAVE , GNALT , NFLT, NLAP
§ NDIN,DISP,NECON, NICON
CONMON/BOUND/NBON, RLAX, TLAP
COMMON /SHIFT/ KUNIT,KLEN,KBEGIN,KEND, KHIN,KNAX,RBEGIN,REND,
{ KOFF,DISK, SPACE, FILL
COMMON/BADR  / TADR(1)
CONMON/KK  / REALKK(2)
C
CAREANRE SRR RERERN SR REE S AR SRRSO RRRLRRNNS AR RARTERRARRERRILRRRLILSINNS
c
IKOUN1 =TKOUNT - §
ILNZ{=ILNZ-
184181
ENTRY2=, FALSE.
IF (.NOT. DISP)REWIND 20
C LOOP OVER INTERVAL BOUNDARIES
DO 1550 I=1,NICON
ITYPE=IFBCON(A, T)
IF(ITYPE.GE.16)60T0 1550
IX=
TI=IFBCONC2, )
17=17BCON(1, 1)
IF(13.67.J7)60T0 1540
FILL=,FALSE.
1DP=IFRCONC3, 1)
IF{ITYPE.EQ. 3)DP=DPAF TINE(TLAP RLAX)
1505 CONTINUE
c
T4=ILNZE+7]
T4=INTERK (J1)
DD 1530 11=J1,M0T
1510 CONTINUE
C NEW VERS1ON 9/1/79
C
IF(J1.6T.11)G0TO 1545
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&0

65

70

75

80

s

70

9%

100

105

10

C WORK DOWN A COLUNN-------=-=-=-=-
J=ILNZ4+IT
J=INTCRK(])
1F(3.6T.J1)60T0 4530
IRON=11
IcoL=1
IF{.NUT.SPACE . AND. {1J.LT.RBEGIN.OR . II.GT.REND))
{ CALL SHIFT(REALKK,INTGRK,1J,11)
KADR1=1KDUN + IRON
KADR=INTGRK (KADR1 ) + ICOL-KOFF
RK=REALKK (KADR)
IFiRK.EQ.0.)GOTO 1530
C OFF DIAGONAL TERWS -~ SHIFT ENTRY AND 5UN TO DOF
C--CHECK IF BOTH OFF DIAGONAL AND INTERNAL DOF -~
C IF 50, SKIP AND PICK IT UP ACROSS RON LATER ON
IF { IADR(IROM) . NE. 0. AND, IROM. KE. ICOLICOTO 1530
c
IF {ITYPL.EQ. 4. AND. IRON. NE . 1COL JRK = RK
€
IF(1.ET.17)60T0 1540
KADR=INTGRK (KADRY ) +1J -KOFF
REALKK (KADR)=KEALKK (KADR) #RK
IF{IRON. NE . ICOL)GOTD 530
C DIAGONAL TERM--SPECTAL CASE
KADR=IKOUNY +17
KADR=INTERK (KADR) +1J-KOFF
REALKK (KADR)=REALKK (KADR) +RK
6OTH 1530
X
C WORK ACRDSS A ROW------=--==mmmmemmmeer
¢
1545 CONTINUE
J=ILN2A D]
J=INTERK (D)
IF(J.67. 11GOTD 1530
IROV=]]
IC0L=11
IF{ . NOT.SPACE.AND. (17.LT.RBEGIN. OR.JJ . CT.REND))
{ CALL SHIFT(REALKK, INTGRK,17,77)
KADR4=IKOUN1 + TROW
KADR=INTGRK (KADRA ) + ICOL -KOFF
RK=REALKK (KADR)
IF(RK.EQ. 0. )6OTD 1530
INCOL=TADR(ICOL)
c
C CHECK T SEE IF ICOL IS INTERNAL BOUNDARY
IF{INCOL.EQ. 0)60TO 1520
c
C FOR ICOL AN INTERNAL BOUNDARY DOF
JCOL=IFECON(1 , INCOL)
JTYPL=IFBCON(4, INCOL)
C--PICK UP OFF DIAGONAL TERM PREVIOUSLY SKIPPED
IF(J.GT. JCOL)GOTO 1540
IF L JTYPE.EQ. )RK=-RK
KADR=TNTGRK (KADR1 )+ JCOL-KOFF

26 MOV 79 21.06.05

Pa)

C

PAGE

o -~

&




SUBRDUTINE BCONIN 76/76  OPT=2 FIN 4.8+498/320

125

136

135

i

145

159

155

160

185

REALKK (KADR )= REALKK ( KADR )4RK

C
C FOLLOWING DOES NOT INCLUDE INTERSECTING FAULTS
J=ILNZi+1)
J=INTGRK(J)
IF(J.6T.JCOL)GOTO 1540
IFCITYPE.EQ. 4)RK=-RK
C

KADR1=1KOUNS +1
KADR=INTCGRK (KADR{ ) +JCOL -KOFF
REALKK (KADR)=REALKK (XADR ) +RK
IF{JTYPE.EQ. 4)RK=-RK
IF(IC0L. 6T, 1006070 1548
KADR=INTGRK (KADRY) +ICOL-KOFF
REALKK (KADR) =REALKK (KADR ) +RK
6OTO 1530
C--DO DOF BETWEEN COLUMNS 7 AND 1J--
1518 CONTINUE
KADR=IKOUNS +1COL
KADR=INTGRK (KADR )+ LJ-KOFF
REALKK (KADR)=REALKK (KADR ) +RX
£OTO 1539
C
1520 CONTINUE
C ICOL NOT INTERMAL DOF, BUT COULD BE ON BOUNDARY
C TEST TO SEE IF ON BOUNDARY AS COORD DOF
IF{ITYPE,EQ. A)RK=-RK
IF(ICOL.6T.ID)G0T0 1525
C SPECIAL CASE WHEN ICOL ADJACENT COORD DOF
KADR=IKOUN1 +1J
KADR=INTGRK (KADR) +1COL-KOFF
REALKK (KADR )=REALKK (KADR) +RK
IF (ICOL.EQ. 1T)REALKK (KADR) =REALKK (KADR ) }RK
GOTO 1530
C--ADD TERM TO ROW ICOL
1525 CONTINUE
KADR=1XKOUNS +1C0L
KADR=INTGRK (KADR) +1J XOFF
REALKK (KADR )=REALKK (KADR )+RX
6OTD 4530
c
1530 CONTIMUE
REALK (104 +1J)=REALK (1Q1 +1]) +REALK (1Q1 +J1)
1535 CONTINUE
1536 CONTIMIE
IF ((ITYPE.GE.2.AND. ITYPE,LE.4) R . DISP )REALK(1Q1 +71)=DP
1550 CONTINUE
GOTO 1555
1540 WRITL(5,25)1,11,07,1X,,17, INTGRK(J)
25 FORMAT(% ---ERRROR---NOT ENOUCH SPACE FOR INTERNAL BOUND.¥,/,
i (1¥,1516))
9601 CALL YEGCCS(#/DUNP,0../GRUMP V=10, 5B, //#)
570
1555 CONTINUE
J=NECON+ICON-1

26 MOV 79 21.06.05 PAGE
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170

175

180

185

i

200

ra
ra
L=

76/76  OPT=2

Ii=0
DO 1560 I=1,NICON
IF(IFBCON(4,1).GE, 10)G0TO 1589
II=1144
JI=114]
IF(J1.CT.LCONIGOTO 1540
INTGRK(JJ)=IFBLON(2,1)
1580 CONTINUE
IF(DISF)GOTO 2210
CALL TORDER2(JJ,INTGRK(ICON),DUN,0,1,DUN)

GOTO 1400

)

C----ENTRY FOR APPLYING EACH INVERSION DISPLACEMENT
CNTRY BCONAP
P=DIRV
ENTRYZ=, TRUE.
READ(2D)IX
READCZ20)(DUN(]),J=1,1X)
GOTO 2048

£

C

1600 COMTINUE

C---WRITE DUM FOR CONSTRAINTS WITH INVERSION OR LOOP ON FORCE VECTOR

DO 2206 I=1,NICON
ITYPE=IFBCON(4,1)
IFC{ITYPE.GE,2,AND. ITYPE,LE.4).0R . ITYPE.GE.10)GOTO 2200
MROW=IFBCON(2,1)
C
C
2040 CUNTINUE
NEXT=ICON
Ix=
DO 2070 INRON={,NDT
IF(INROW, NE . INTGRK (NEXT))GOTO 2050
NEXT=NEXT+{
G070 2676
2050 IF(NROW.GT.INROW)GOTO 2055
J=ILNZi+INROV
IFCINTGRK(J) ,GT.NROW)GOTO 2079
IRON=INROW
I1COL=NROW
GOTO 2060
2055 J=ILNZ{1 +AROW
IFCINTGRK(J) 6T, INROW)EOTO 2070
IROW=NROV
ICOL=INROW
2066 CONTINUE
I¥=IXM
IF(ENTRY2)GOTO 2065
IF(,NOT.SPACE.AND. (IRDW.LT.RBEGIN.OR . IROW.GT.REND))
i CALL SHIFT(REALKK,INTGRK,IROW, IRO¥)
KADR=IKOUN{ + IRON
KADR=INTGRK (KADR ) + ICOL -KOFF
DUM{IX }=REALKK(KADR)
G070 2676

FTN 4.8+498/320

26 NOV 79 21.06.05 PAGE
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2065 CONTINUE
N=1Q1+INRON
REALK (N)=REALK (N)-DUN{ IX)¥DP
2470 CONTINUE
225 IF (ENTRY2)GOTO 2500
WRITE(Z0)IX
WRITE(20) (DUMCI),J=1,1X)
2208 CONTINUE
REWIND 20
238 2210 CONTINVE
RETURN
2500 CONTINUE
N=101 +HROW
REALK {N)=DP
235 IF(ENTRY2)RETURN R{
RETURN
C----GTRESS INVERSION
ENTRY BCONST
DP=DIKVSDIST
240 N=IQ1+NROW
REALK (N)=REALK (N)-DP
N=101 +NROV
REALK (N)=REALK () +DP
RETURN R{
245 END

CARD MR. SEVLCRITY DETAILS  DIAGNOSIS Of PROBLEM

45 1 189 NON-INNER LOOP BEGINNING AT THIS5 CARD IS ENTERED FROM OUTSIDE 1TS RANGE.

SYMBOLIC REFERENCE MAP (R=1)

ENTRY PDINTS

326 BCONAP J ECONIN 470 BCONST
VARIABLES SN TYPE RELOCATION
0 DIRV REAL F.p. ii DISK REAL SHIFT
12 DISP LOGICAL PROR 8 DIST REAL F.p.
644 pp REAL 0 DU REAL ARRAY F.p.
615 ENTRY2  LOGICAL 13 FILL LOGICAL SHIFT
& CHALT REAL PROB 3 GRAY REAL PROB
5 CKAVR REAL PROB 4 GRAVS REAL PROB
0 HaSHi REAL PROB 62f I INTEGER
{ IADR INTEGER ~ ARRAY  BADR 632 1C0L INTEGER
¢ ICON INTEGER BEGIN 644 IDP INTEGER
0 IFBCON  INTEGER  ARRAY F.P. 627 11 INTEGER
825 1J INTEGER 5 IK INTEGER BEGIN
1 IKOUNT  INTEGER BEGIN bib IKOUN:I  INTEGER

Ca-2Y%
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VARTABLES 5N TYPE RELOCATION
2 1N INTEGER BEGIN
J INASTR  INTEGER BEGIN
542 INROM INTEGER
4 10 INTEGER BEGIN
531 IROW INTEGER
523 IX INTEGER
837 JLOL INTEGER
540 JTPL INTEGER
534 KalR INTEGER
2 KBEGIN  INTEGER SHIFT
i KLEW INTEGER SHIFT
4 KNIN INTEGER SHIFT
0 KUNIT INTEGER SHIFT
2 LENGTH  INTEGER PROB
i LKOUNT  INTEGER END
J LMASTR  INTEGER END
0 HROW INTEGER F.P.
0 HBON INTEGER BOUND
i NDT INTEGER SIZE
b NET INTEGER SIZE
7 NFLT INTEGER PROB
10 NLAP INTEGER PROB
i OLDWRK  REAL PROB
0 EEALK REAL ARRAY F.P.
7 REND INTEGER SHIFT
i RLAX REAL BOUND
12 SPACE LOGICAL SHIFT
FILE NAMES MODE
TAPE20  UNFNT TAPEL
EXTERNALS TYPE  ARGS
FTIME REAL 2
SHIFT 4
STATEMENT LABELS
563 2% FNT b
114 4545 205
231 1525 237
0 1538 INACTIVE 261
27¢ 1545 343
364 2040 373
411 2000 431
453 2209 457
b 7oed INACTIVE
LOOPS LABEL  INDEX FRON-TD  LENGTH
20 1558 I 37 157 241B
44 1539 11 51 152 176k
304 1580 I 167 173 iiB
351 2200 I 189 228 105B
357 2070 INROW 198 224 54k

FMT

1505
1548
1530
1540
1580
2050
2065
2244

PROPERTIES

ILNZA
INCOL
INTGRK
0
ITYPE
J

JJ

1
KADR1
KEND
KMAX
KOFF
LEON
LK
LLNZ
L8

N
NDIN
NECON
NEXT
NICON
NROW
RBEGIN
REALKK
RK

Ri
TLAP

TORDER2
XEGCCS

INACTIVE

EXT REFS

INSTACK

EXT REFS
EXITS
EXT REFS
EXT REFS

FTN 4.8+498/320

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL

REAL

RETURNS
REAL

EXITS
EXITS

ENTRIES

ARRAY

ARRAY

214

3
4

350
403
435
460

NDT INNER

EXITS

26 NOV 79 21.06.05
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F.P.

SHIFT
SHIFT
SHIFT
END
END
END
END

PROB
PROE

PROB

F.p.
SHIFT
KK

BOUND

1510 INACTIVE
1520
1535
1550
1600
2055
2078

2500

INACTIVE

NOT INNER

PAGE
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CONNON BLOCKS  LENGTH C7~3¢
512
BEGIN
EilD
PROB g
BOUND
SHIFT
BADK
KK

[
P e N G Ll O O TO

STATISTICS
PROGRAM LENGTH 7058 453
SCH LABELED COMMON LENGTH 53k 43
LCH LABELED COMMON LENGTH 2B 2
{BOTTON OF FILE}



CUBROUTINE BLD 76/76  OPT=

(¥

10

15

30

35

4

45

SUBROUTINE BLD(LEN,Y,NF) ,RETURNS(R1)
DINENSION X(1),XI0¢2),NID(2)
EQUIVALENCE (NIO,XIO)

COMMON/BLDI0/XI0
COMMON/BLD  /KPTR ,LREC, IREC

LREC{=LREC-§
IF(KPTR.EQ.0.0R.NF.EQ. 6 )RETURN R{
IF(LEN.LT.{)RETURN Ri
IF{LEN.GY.LREC{)EOTO 5
JPTR=KPTR+LEN
IF(JPTR.LE.LREC)GOTO 36

S IE=LREC-KPTR

i I5=4
NID(KPTR)=LEN
IF(IE.LT.1)60T0 2§

15 D0 28 I=1§,IE

20 XID(KPTR+1)=X(1)

24 IF(LEN-IE.LE.0)GOTO 25
CALL WRITMS(NF,XIO,LREC,IREC,0)
IREC=IREC+
15=1E
IE=LEN
IF(LEN-1S.6T.LREC) IE=LREC+IS
15=15+4
KPTR=1-IS
GO0 15

25 KPTR=IE+{+KPTR
IF (KPTR,6T.LREC)GOTO 26
RETURN

26 CALL WRITMS(NF,X10,LREC,IREC,0)
IREC=IREC+4
KPTR=1
RETURN

30 N1OCKPTR)=LEN
DO 46 I=f,LEN

40 XIOCKPTR+I)=X(I)
KPTR=JPTR+1
IF(KPTR,GT .LREC)GOTD 26
RETURN
ENTRY FRC
NIO(KPTR)=-2
CALL WRITHS(NF,X10,LREC,IREC,0)
IREC=IREC+
KPTR=0
RETURN
END

SYHBOLIC REFERENCE MAP (R=1)

FTN 4,8+498/320

25 MOV 79 15.04.59 PAGE

C2-73)

i



SUBROUTINE BLD

ENTRY POINTS

76/76  OPT=2

FTN 4.8+498/320

3 BLD 113 FRC
VARIABLES SN TYPE RELOCATION
146 1 INTEGER is4 IE INTEGER
2 IREC INTEGER BLD 145 IS INTEGER
143 PR INTEGER & KPR INTEGER
§ LEN INTEGER F.p. § LREC INTEGER
142 LRECS INTEGER 0 NF INTEGER
b NIO INTEGER ~ ARRAY  BLDID b Re RETURNS
b X REAL ARRAY F.P. b XIO REAL
EXTERNALS TYPE  ARGS
WRITHS 5
STATEMENT LABELS
K 8 10 INACTIVE
i 20 4% 2
72 26 168 30
LOOPS LABEL  INDEX FRON-TO  LENGTH  PROPERTIES
44 26 I 18 19 2B INSTACK
195 40 I 37 38 2B INSTACK
COMMON BLOCKS  LENGTH
BLDIO 2
BLD 3
STATISTICS
PROGRAM LENGTH 1478 163
SCH LABELED CONMON LENGTH 5

130080B SCM USED

BLD
BLD
F.P.

ARRAY  BLDIO

37 15
85 25
b 40

25 NOV 79 15,04.59 PAGE

C2-32
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SUBROUTINE BLD2 76/76  0PT=2

10

15

20

30

35

40

45

SUBROUTINE BLD2(LEN,X,NF),RETURNS(R1)
DINENSION X(1),X10(2),NI0(2)

LEVEL 2,X

EQUIVALENCE (NID,XID)
COMMON/BLDIO/XID

CONMON/BLD/KPTR ,LREC, IREC

LKEC4=LREC~1
1F(KPTR.EQ. 0. 0R .4 .EQ. )RETURN Ri
IF(LEN.LT. 1JRETURN R{
IF (LEN. 6T LRECH)60TO §
TPTR=KPTR4LEN
IF(JPTR.LE.LREC)GOTD 30

S IE=LREC-KPTR

1b 15=1
NIOCKFTR)=LEN
IF(IE.LT.4)60T0 24

15 D0 20 I=IS,IE

28 XIO(KPTR+1)=X(I)

24 IF{LEN-IE.LE.0)6070 25
CALL WRITNS(NF,XIO,LREC,IREC,0)
IREC=IRECH
15=1E
IE=LEN
IF(LEN-15. 6T, LREC) IE=LRECHIS
15=154
KPTR=1-I5
6OTO 15

25 KPTR=IEH #PTR
IF(KPTR.GT.LREC)EOTO
RETURN

26 CALL WRITHS(NF,XI0,LREC, IREC,0)
IREC=IRECH
KPTR={
RETURW

30 NIO(KPTR)=LEN
DO 46 I=i,LEN

A0 XI0(KPTRHI)=X(D)
KPTR=JPTRH
IF(KPTR.GT.LREC)GOTO 26
RETURN
ENTRY FRC2
NIO(KPTR)=-2
CALL WRITNS(NF,XIO,LREC, IREC,8)
IREC=IRECH
KPTR=4
RETURM
END

SYMBOLIC REFERENCE MAP (R={)

FTN 4.8+498/320

25 NOV 79 45.04.59 PAGE
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SUBRDUTINE BLD2  76/76  OPT=2 FIN 4,3+498/320 25 MOV 79 15.04.59  PAGE
- 2
ENTRY POINTS C2-3Y
3 B2 12 FRC2
UMIABLES SN TYPE RELOCATION
5 1 INTEGER "3 IE INTEGER
o IREC  INTEGER BLD 4 15 INTEGER
42 PR INTEGER KPR INTEGER BLD
0 LEN  INTEGER P, § (REC  INTEGER BLD
141 LRECY  INTEGER 0w INTEGER F.P.
0 NID  INEGER  ARRAY  BLDIO D Re RETURNS
0 X REAL  ARRAY  F.P. D XI0  REAL  ARRAY  BLDID
EXTERNALS TIPE  ARGS
MRITHS 5
STATENENT LABELS
RS RU INACTIVE 7 1S
0 o % 2 65 25
72 % 100 3 D 4
LOPS LABEL  INDEX  FRON-T0  LEMGTH  PROPERTIES
a1 18 19 B INSTACK
04 8 1 7 3B % INSTACK
COMAON BLOCKS  LENGTH
BLDIO 2
BLD 3
STATISTICS
PROGRAN LENGTH “ep 10

v ro

SCM LABELLD COMMON LENGTH SB
{30000 SCH USED



SUBROUTINE BREAD 76/76 OPT=2 FTN 4,8+498/320 25 NOV 79 15,04,59 PAGE i
C 2 -3

i SUEROUTINE BREAD(KEY,LEM,X,NF),RETURNS(R1)
C-----SEQUENTIAL (KEY=0)/UPDATING TD 10 FILE HANDLER
C--~--HODIFIED AND REINPUT 4/13/74
C----- OPENMS(NF , INDEX ,LENGTH OF INDEX,0) #UST BE INSERTED IN MAIN
5 DINENSION X(1),XI0€2)
DIMENSION NIO(2)
EQUIVALENCE (XIO,NI0)

COMNON/BREADIO/XIO
10 COMMON/BREAD  /NFX,LREC,KEYX(20) ,LENX(20),KiX(20)

IF (NF.GT,20)RETURN Ri
TF(KEY.EQ. Q)KEY=KEYX(NF ) +LENX{NF )41
Ki=(KEY-1)/LREC
5 K2=KEY-LREC#K1
Ki=Kit{
KEY=LRECK(Ki-1)+K2
IF (K1 EQ.KEX(NF).AND.NF .EQ. NFX)GOTD 130
120 CALL READMS(NF,XIO,LREC,K{)
] NFX=MNF
KiX(NF)=K{
138 LENX{NF)=NI0(K2)
IF(LENX(NF) .EQ.-1)GOTO 180
IF(LENX(NF).LT.0)RETURN R{
25 IF (K2+LENX(NF) .GT.LREC)GOTO 170
LAST=LENX(NF)
DO 140 I=1,LAST
148 X(I)=XI0(1+K2)
. 25 NV 22,27 RWPSS IS NOW RUNNING IN THE C MACHINESSBKY
150 CONTINUE
K[ LEN=LENX(NF)
KEYX{NF)=KEY
RETURN
160 Ki=Ki+i
K2={
35 GOTO 126
£70 LENSLENX(NF)
I8=1
IE=LREC-K2
175 D0 180 I=IS,1E
40 180 X(1)=XID(1+K2)
IF(LEN-IL.LE.0)GOTO 158
Ki=Ki+i
CALL READMS(MF,XIO,LREC,K{)
KiX{NF)=K{
45 1S=1E
IE=LEN
IF(LEN-IS.GT.LREC) IE=LREC4IS
15=15¢4
£2=1-19
50 6070 175
ENTRY BMRITE
C--—--CAN ONLY RENRITE RECORD JUST READ - WEEDS LEN
IF(KEY,EQ.0.0R.NFX.NE,NFIRETURN R
Ki=(KEY-1)/LREC
SS K2=KEY-LRECSK{



SUBKOUTINE BREAD 7%/76  OPT=2

Ki=Ki+d
IF (X2ALENX(NF) .GT, LREC)GOTO 388
LAST=LENX(NF)
DO 220 1=1,LAST
40 220 XI0(K2+T)=X(I)
CALL WRITHS(NF,XIO,LREC,K1,1,0)
239 RETURN
300 CONTINUE
LEN=LENX(NF)
65 15+
IE=LREC-K2
310 CONTINUE
CALL READMS(NF,XI0,LREC,K1)
D0 320 I=IS,IE
70 320 XID(I#K2)=X(I)
CALL WRITMS(NF,XI0,LREC,K1,1,0)
IF (LEN-IE  LE. 0)RETURN
IS=IE
TE=LEN
75 IF(LEN-IS. 6T, LREC) IESLRECHS
15=15+
Ki=Ki+i
K2=i-I8
£070 310
30 END

SYMBOLIC REFERENCE MAP (R={)

ENTRY POINTS

J BREAD 127 BWRITE
UARIABLES SN TYPE RELOCATION
244 1 INTEGER 246 IE
245 IS INTEGER i KEY
2 KEYX INTEGER  ARRAY  BREAD 241 Ki
52 KiX INTEGER ~ ARRAY  BREAD 242 K2
243 LAST INTEGER 8 LEN
26 LENX INTEGER  ARRAY  BREAD i LREC
N INTEGER F.p. 0 NFX
8 NIO INTEGER  ARRAY  BREADIO LI 3!
X REAL ARRAY F.P, b XID
\
EXTERNALS TYPE  ARGS
READNS 4 WRITHS
STATEMENT LABELS
34 120 42 130
62 150 67 168
77 175 b 186
0 230 INACTIVE 167 300

0 328

FTN 4.8+498/320

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
RETURNS
REAL

ARRAY

72

i74

25 NOV 79 15.904,59

¢

F.P.

F.p.
BREAD
BREAD

BREADIO

in
i7
220
310

PAGE

>

5>z

]
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2



LOOPS
o8
104
164

203

COMMON BLOCKS
EREADID
BREAD

SUBROUTINE BREAD

LABEL
140
100
20
320

STATISTICS

PROGRAN LENGTH
SCM LABELED COMMON LENGTH
1300608 SCM USED

INDEX

1

I
I
{

LENGTH

76/76

FROM-T0
27 28
39 A0
59 o0
69 70

2558
ioep

0PT=2

LENGTH
2B
2B
2B
2B

173
84

PROPERTIES
INSTACK
INSTACK
INSTACK
INSTACK

FTH 4.8+498/320

25 NOV 79 15.04.59 PAGE
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SUBROUTINE BREAD2 76/76  DPT=2 FTN 4.3+498/320

i0

i5

30

35

40

45

56

5%

SUBRDUYINE BREAD2(KEY .LLN, X, NF) ,RETURNS (k1)
C-----GEQUENTIAL (KEY=0)/UPDATING 70 I0 FILE HANDLER
C----~KODIFIED AND REINPUT 4/18/74
C-----OPENNS(NF, INDEX, LENGTH OF INDEX,0) HUST BE INSERTED IN MAIN

DINENSION X{1),XI0(2)

LEVEL 2,X

DINENSION NIO(2)

EQUIVALENCE (XI0,NI0)

C

L OWMON/RREADIO/X10
C

COMMON/BREAD/NFX,LREC,KEYX(20) ,LENX{26) K1X(20)
€

1F(NF.GT.20)RETURN Ri
IF(KEY.EQ. 0)KEY=KEYX(NF)+LENX (NF)+1
Ki=(KEY-1)/LREC
K2=KEY-LRECSK{
Ki=k1+
KEY=LRECB(K1-1)#k2
IF(KL.EQ.KIXNF)  AND. NF .EQ. NFX)GOTO 130

120 CALL READNS(NF,XI0,LREC,K1)
NFX=NF
KIX(NF )=k

130 LENX(NF)=NIO(K2)
IF(LENX(NF) .EQ. ~1)GOTO 160
IF(LENX(NF) .LT.ORETURN Rf
IF{K2+LENX(NF) 6T, LREC)GOTO 170
LAST=LENX(NF)
DO 149 I=f,LAST

140 X(1)=X10(1+K2)

150 CONTINUE
LEN=LENX(NF)
KEYX(NF)=KEY
RETURN

160 Ki=K{+
k2=t
GOTO 128

170 LEN-LENX(NF)
I5=4
TE=LRECK2

175 DO 108 I=IS,1E

180 X(I)=XID(1+(2)
IF(LEN-IE.LE.#)60TD 150
Ki=Ki+i
CALL READNS(NF,XIO,LREC,Ki)
RAX(NF)=K{
IS=IE
IE=LEN
IF (LEN-IS. 6T LREC) IE=LRLCHIS
15=15+
K2={-I5
6OTO 175
ENTRY BWRITE?

C-----CAN OMLY REWRITE RECORD JUST READ - NEEDS LEN

25 NOV 79 15.04.59 PAGE
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SUBROUTINE

0

85

70

75

80

BREAD2 76/76  OPT=2

IF(KCY.EQ. . 0R NFX. NE. NF)RETURN R
Ki=(KEY-1) /LREC
K2=KEY-LRECSK{
Ki=Kied
IF (K2+LENX (NF) . 6T, LREC)GOTO 300
LAST=LENX(NF)
DO 220 1=1,LAST
220 XID(K2+1)=X(1)
CALL WRITHG(NF,XI0,LREC,K1,1,0)
230 RETURN
300 CONTINUE
LEN=LENX(NF)
15=4
IE=LRECK2
310 CONTINUE
CALL READHS(NF,XI0,LREC K1)
D0 320 I=IS, IE
320 XIO(I&K2)=X{(I)
CALL WRITHS(NF,XI0,LREC,K1,1,8)
IF (LEN-IE..LE . 0)RETURN
1521E
TE=LEN
IF{LEN-1S, GT.LREC) IE=LREC+IS
15=154
Ki=Ki+f
K2=4-15
£0TO 340
END

SYMBOLIC REFERENCE MAP (R=1)

ENTRY POINTS
3 BREADZ

VARIABLES SN
244 I
245 I8
2 KEYX
52 KiX
243 LAST
26 LENX
b NF
8 NID
i X

EXTERNALS
READNS

STATEMENT LABELS
34 120
62 {50

127 BRITE2
TYPE RELOCATION
INTEGER 246 IE
INTEGER 6 KEY
INTEGER  ARRAY  BREAD 244 Ki
INTEGER  ARRAY  BREAD 242 K2
INTEGER 0 LEN
INTEGER  ARRAY  BREAD i LREC
INTEGER F.P. b NFX
INTEGER  ARRAY  BREADIO b ®
REAL ARRAY F.P. 8 XI0
TYPE  ARGS
L) WRITHS
42 130
b7 160

FTN 4,8+498/320

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
RETURNS
REAL

ARRAY

25 MOV 79 15.04.59

F.p.

F : P )
BREAD
BREAD

BREADIO

i 14
72 174

PAGE



JUBROUTINE BREADZ 76/76

STATEMENT LABELS
77 475
b 238 INACTIVE
§ 320

LDOPS LABEL  INDEX FRON-TO
60 148 I 38 3
194 180 I 243
160 220 1 62 63
203 320 1 nn

COMMON BLOCKS  LENGTH
BREADID 2
BREAD 62

STATISTICS
PROGRAM LENGTH 254B
SCH LABELED COMMON LENGTH i00B
1300608 SCN USED

0PT=2 FIN 4.8¢498/320 25 MOV 79 45.04.59 PAGE
M A e
D 180 P 220 2 ¢
166 300 173 340

LENGTH  PROPERTIES

2B INSTACK
2B INSTACK
2B INSTACK
2B INSTACK
172

54



SUBROUTINE CMAT 76/76  OPT=2 FIN 4.8+498/320

i8

15

K{}

35

40

45

55

SUBROUTINE CMAT(XC,CC,C,TLAP,L)
€-11/29/77 VERSION----3D ISOTROPIC CONSTANTS
C 6X6 MATRIX C

) CC - WAXWELLIAN CONSTANTS

C CC(1) - RELAXATION TIMNE

) CC(2) - SHEAR MODULUS IN UNITS OF Ei2
C CC(3) - BULK MODULUS IN UNITS OF EiC
c TLAP(L) - LAPLACE REDUCED TIME

C

DINENSION C(6,6),CC(3),TLAP(3)
REAL KS,C,CC, TLAP,5HS

c

C MAXVELLIAN FLUID IN LAPLACE SPACE - SKSHEAR NODULUS
SHS={CC{1)BCC(2)8TLAPIL) )/ (CCA1)ATLAP (L) +1)
KS=CC(3)

C CONPUTE LAMDA
C122K5-2, 45HS/3,
Ci=K5+4, $SHS/3.
£(2,)=Li
£(3,3)sC1
Cif,1)sC1
Cli,2)=Ci2
£(2,1)sC12
Ct4,3)=012
£(3,1)=C12
C(2,2)=C12
C(3,2)=C42
CU4, 4)=5H5
£(5,5)=5H5
C(b,4)=5H5
C(i,4)=8,
Cid,5)=0.
Cif,b)=4,
£(2,4)0,
£(2,5)=0,
£42,8)=0,
£(3,4)=0,
£(3,5)=4,
C(3,0)=0,
Cl4,1)=8,
C(4,2)29,
£(4,3)=8,
£(5,1)=0,
£(5,2)=4,
£45,3)=0,
£45,4)=0,
Clb,2)=0.
Cl4,3)=0,
Ci4,5)=0,
Ci4,b)=8,
£i5,)=0,
C(5,6)50.

Cib, =0,
Ci6,5)=0,
RETURN

25 NOV 79 15.94.59

PAGE
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CUEROUTINE CHAT 76/76  0PT=2 FTN 4.8+498/320 25 NOV 79 15.04.59 PAGE

C2-<2
END

SYMEOLIC REFERENCE HAP (R=1)

ENTRY POINTS

3 (KA1
VAR IABLES SN TYPE RELOCATION
0 C REAL ARRAY F.P. § CC REAL ARRAY F.P.
St €4 REAL 50 Ci2 REAL
0 K€ INTEGER  SUNUSED  F.P. 46 K REAL
0L INTEGER F.p. 47 SHS REAL
0 TLAP REAL ARRAY F.p.
STATISTICS
PROGRAN LENGTH 528 12

130000R SCH USED

ra



SUDROUTINE CHAT 76/76  OP1=2 FIN 4.7+485/235 0§ SEP 7% 13.47.02 PAGE

CAT C2-dd 3

i SUBRDUTINL CHAT(KC,CC,C,TLAM,L) ~

C - 3X3 PLANE STRAIN CONSTANTS
CC -~ MAXMELLIAN CONSTANTS
CL(1) ~ RELAXATION TIME
CC(2) - GHEAR NODULUS IN UNITS OF E2
CC{3) - BULK MODULUS 1IN UNITS UF EfZ
TLAP{L} -~ LAPLACE REDUCED TINE

[ 20 B e B 200 B v B o B v B e B0 o |

id DIMENSION C(3,3),CC(3),1LAPCD) 2caL  KS

o3

C MAXWCLLIAN FLUID IN LAPLACE PLANE - SXSHEAR MOBULUS

[ ]

SH5=(CL{{)RCCEIRATLAP (L)) ZCCLIXTLAF (Li+1.)
15 K5=CC(D

Cid,1)=K544, 45HS/3,
£(2,1)=K5-2, #5HS/3,
Cit,2)=C(2,1)

20 £2,2)=C(4,1)
03,120,
£(3,2)=0.
Ctt,3)=0,
Cz,3)=0,

25 £(3,3)=5H3
RETURH
END

SYWDOLIC REFERENCE HAP (R=1)

ENIRY PDINTS

I CHAT

VARTABLES SN TYPE RELOCATION
0 C REAL AKRAY F.P. ¢ Cc REAL ARRAY F.p.
0 X INTEGER ~ BUNUSED  F.P, 32 KS INTEGER
I L INTEGER F.p. 31 GHS REAL
0 TLAP REAL ARRAY F.p.

STATISTICS

PROGRAM LENGTH 138 27

1200008 SCM USED



SUBROUTINE CMAT

[y ]

i3

2

78/78

CIEX

SUPROUTINE CMAT(KC.CL, €, 5LAP, L)

t

o L - 3X5 PLANE STRAIN CUNCTANTS

L CC - MAXWELLIAN CONSTANTS

€ EF{1) - RELAXATION TIME

C CL(E) - GHEAR MODULUS IM UNITS OF Ef2
L £C3) - LANEDE -~ MODIFIED 9/17/79

C TLAP(LY - LAPLACE RLDUCED TIHE

L

DIMENGION C{3,3),0500)  TLAP()
REAL K5,E,LL,5HS

L MAXWELLIAN FLJID IN LASLACE PLANE - SYSHEAR MODULUS
£

SEO=(LL{L)RCC(RIATLA (L) ) /CCLA X RTLER (LY #,)
K5=uCi{3 2, 85H5/3,

fid,10=h%+4 A505/3.
C(2.4)=K5-2, 2545/3.

[

RETURN
EhD

SYMBOLIL REFERENCE MAF (R=1)

ENTRY POINTC

3 Zhat

VARIAKLES N TYPL KELOCATION
N REAL BARAY F.P. b L REAL
b oKL INTEGER  wUNUSID  F.P. H S REAL
P L INTEGER F.e 32 SHS REAL
0 Thsf REAL ARRAY F.p.

3TaTISTICS

FROGREM LENGTH

33 27

120200k SCH USED

‘BLTTOM OF FILL:

FTN 4. 50498/267

Ip oLP 7P 124244 Pail
2=
C AT LA

ARKAY F.p,

i



FUNCTION DOT 76/76  OPT=2

i FUNCTION DOT(4,B,K)
Casanns

C DOT PRODUCT IN FORTRAN 9/18/78

Canssent
] DIMENSION A(2),B(2)
LEVEL 2,A,B

PROD=0.
19 DO 10 I=4,K
18 PROD=PROD+A(I)$B(1)
DOT=PROD

RETURN
END

SYNBOLIC REFERENCE MAP (R=1)

ENTRY POINTS

4 DOT
VARTABLES SN TYPE RELOCATION
b A REAL ARRAY F.P.
is Dot REAL
0K INTEGER F.p.
STATEMENT LABELS
Y
LOOPS LABEL  INDEX FROM-TO  LENGTH
i1 16 1 i0 4 3B
STATISTICS
PROGRAM LENGTH 20B i6

130000B SCH USED

8 B
17 1
16 PROD

PROPERTIES
INSTACK

FIN 4.8+498/320

REAL
INTEGER
REAL

ARRAY

25 NOV 79 15.84.59 PAGE

F.P.
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i



b7

[}

10

i1

i
5921000004
5032000004
53330
3230
43406
23500
6140000000
615E000001
43600
40744
01444
56445

73445
73225
30667
0742000005 +
40745
30567
24606
b400006000 +

44500

COMPASS W3/DKY2D 01 SEF 79 13.17.0% P&EE
C2-496
IDENT DUT
SFUNCTIUN DOT(A,B,N} FOR 7600, A, IW LCH
ENTRY DOT
i) RS54
SA2 hi+ ADDRESS OF A IN X2
AT AZe ALDRESS OF N IN X3
53 X3 FETCH N INTO X3
Sh2 X3 TRANSFER N FKOM X3 70 B2
Hi4 b JERD A
MXS ] JERD B
Sk4 ] ZERU INDEX
SKS i USE FOR §
HXb { ZERD ACCUMULATION REGISTER
L0op Fx7 X45X% kB FOp OPT
RX4 X4 FETCH & AT ADDRESS Xi
Sk4 BA+HY INDEX COUNTER
Ry5 X2 FETCH E AT ADDRESS X2
Hxd Xi+B5 NEW ADDRESS FOR A
552 Y2485 INCREMLNT ADDRESS FOR B
i'Xé X447 SuM NOW
LT R4,B2,L00P LOOP 11" INDEX.LT.N
FX7 X4EXY AfB FOR LAST ELLMENTS
x& X647 SUM LAST PRODUCT
NYé X6 NORMALIZE
Eg Dot RETURN
END
STORAGL USED 26 STATEHENTS 2 SYNEOLS

7600 ASSEMBLY f.646 SECONDS S REFERENCES

bl




i CONPASS VI/BKYZD B4 SEP 79 13.17.09 PAGE 3
SYMBOLIC REFERENCE TALLE, -
’ (2 -497

Dot 0 PROGRANK 03 E 2041 2723
Looe 5 PROGEAKE /44 L A



JUBROUTINE GRS 76/76  0PT=2 FTN 4,8+4498/320 25 NOV 79 £5.04.59

1 SUBROUTINE GRS(LNUN.NGRAVS, CODRD, THK ,SM, YGRV, Ki)

DINENSION COORD(3,1,5M(1),XD{4)
LOGICAL OUT
g CONMON/GRV/NGRAV, RHOF , DRHD(4) ,XF (8) ,NODG (4)
CONMON/PROB/HASH1 , OLDWRK ,LENGTH, GRAV, ERAVS, GRAVE, GNALT , NFLT ,NLAP,
i NDIN,DISP
COMKON/TO/KR KN4, kP, KTE,KT2,KT3,00T
C
18 T ASSUME VERTICAL GRAV FORCE YGRV
C (SHOULD DE NECATIVE IF OUTWARD IS POSITIVE)
L NGRAVS - NUWBER OF SURFACE NODES
C  NODG - LOCAL NODE NUMBERS AT INTERFACE
C  DRHO - LOCAL DENSITY DISCONTINUITY FOR NODE NODG(I)
5 C (NOTE SIGN)
C  YekV - VERTICAL GRAVITY
C

C NOTE? DD NOT INCLUDE ELEMENTS WHICH ONLY SPEAKY AT SURFACE

t
20 tiiedittitttiitiitiiitisiitiittttiseiteiettedittiitttpiteibettstss
C
D=0
IF(NDI¥.EQ. 3)Ib=A
XDi=ABS(COORD (1,NODG(1))-COORD(1,NODG(2) ) )8, SHTHK
25 XD(4)=XD1

XD(2)=XD4
IF(OUTIWRTTE (KN, §0)LNUM, XD1 , YGRY
10 FORNAT(1H§,20X, $ENTRY GRS - ELEMENT HUMBERS,I6,/,5X,
i SGRAVITATIONAL BODY FORCE -8,1PE{{.3,2X,8DISCONTINUITIES - GRAVIT
30 2Y=8,4PE11.3,/,1X, 8LOCAL NODE NUMBER,SX,SLOCAL DENSITY JUMPS,
3 S, 8SHIJS, 6X, SHCRE, X, ASH(11)8)
IF(NGRAVS.LE ,2)60T0 700
XDi=ABS(COORD( 1 ,NDDG (3))-COORD( 1, NODG (4)) )%, S8THK
XD(3)=XD4
35 XD(4)=XD
900 CONTINUE
DO 1680 1=1,NGRAVS
T=NODG(1)SNDIN-ID
1J=(J+)81/2
4 SHIJ=SH(1T)
SHGR=-YGRVIDRHO( 1) 3XD(1)
SH(IT)=SNGR4SNIJ
IF(OUT)MRITE(KW, 20 )NODG (1), DRHO(T) , SHIJ, SHGR, SH(1J)
20 FORMAT(SX,I41, 40X, 1PE41.3, 5K, 1P3EL1.3)
15 1080 CONTINVE
RETURN
END

SYMBOLIC REFERENCE MAP (R=1)

(2-9%




SUBROUTINE GRS 76/76  OPT=
ENTRY POINTS
J GRS
VARIABLES SN TYPE RELOCATION
0 CODRD REAL ARRAY F.p. 12 DISP
2 DRHO REAL ARRAY  GRV b GMALT
3 GRAV REAL PROE S CGRAVB
4 GRAVS REAL PROB 8 HASHL
146 1 INTEGER 144 1D
is6 17 INTEGER 147 J
2 KP INTEGER 10 b KR
3 K4 INTEGER 10 4 kT2
5 Kio INTEGER 10 b K
1 kit ANTEGER I0 2 LENGTH
0 LNUM INTEGER F.p. 14 NDINM
7ONFLT INTEGER PROE 0 NGRAV
0 NGRAUS  INTEGER B 10 NLAP
16 NODG INTEGER ~ ARRAY  GRV 4 OLDWRK
6 OUT LOGICAL 10 s RHOF
0 S REAL ARRAY F.P. 152 SMGR
151 SHLJ REAL b THK
1S3 Xp REAL ARRAY 145 X4
b XF REAL AKRAY  GRV 0 YGRY
INLINE FUNCTIONS TYPE  ARGS
ABS REAL i INTRIN
STATEMENT LABELS
104 16 FNT 137 20 FHT
0 1000
LOOPS LABEL  INDEX FRON-TO  LENGTH  PROPERTIES
45 1006 1 37 45 248 EX1 REFS
COMMON BLOCKS  LENGTH
GRY i8
PROB i1
10 7
STATISTICS
PROGRA¥ LLNGTH 1648 itb

SCH LABELLD COMMON LENGTH 448 36
1300008 SCH USED

FTN 4.84498/320

REAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REA
REAL
REAL

PROB
PROB
PROB
PROB

10
10

F.p.

PROB
PROB
GRYV
PROB
PROB
GRY

F.P.

F.p,

41 980

25 NOV 79 15,04.59 PAGE
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15

20

3

35

40

85

50

SUBROUTINE HEXS /76 OPT=2 FIN 4.B+4498/320 25 NOV 79 §5.04.%9

SUBROUTINE HEXB(X .C,HROT,NOD, THETZ, THETY, THETX, XK, B,REFPT)
CHIRESESEBRRERRRRRRRARRIRERRRRERRRRRBEAAX AR RASRABRSERSIARINERRSLNNLN
C HEYAHEDRON
CHRSSESRASEBRASSAREIARARRRAERNSORNRERENISSRERARRESARESTNAEIRSRNRARINS
C ARGUNEN) LIST LEGEND

C 1. X GLOBAL COORDINATES OF HEXAHEDRON

t 2.t 6X6 MATRIX OF LLASTIC CONSTANTS FOR ISOTROPIC MATERIAL

C 3. MROT  NUMBER OF ROTATED NODES

C 4 NOD  LOCAL NODE NUMBERS OF ROTATED NODES

C S. THETZ EULER ANGLES FOR MODAL ROTATION ABOUT Z-AXIS

C 6. THETY EULER ANGLES FOR NODAL ROTATION ABOUT Y-AXIS

C 7. THETX EULER ANGLES FOR NODAL ROTATION ABOUT X-AXIS

C 8 X MEMBER STIFFNESS MATRIX CALCULATED BY THIS SUBROUTINE

£ 9.8 MEMBER STRESS DISPLACEMENT MATRIX FOR REFERENCE POINT

C CALCULATED BY THIS SUBROUTINE

C 10. REFPT COORDINATES OF REFERENCE POINT CALCULATED BY THIS

C SUBROUTINE
1iititetidtdnsttitit i ebtttittttttititditdnssetttortiiitatittttittsl
C

C....o...o . APRIL 3, 1973 VERSION................ e Vevevens
£

DIMENSION X(24), C(6,6), NOD(B), THETZ(8), THETY(8), THETX(B), XK{
i300), B(6,25), REFPT(3)
C INTERNAL - TENPORARY STORAGE
DINENSION 1QX(27),10Y(27),1GZ(27),XX(3,27) ¥(27),Y1(3,3),827(7)
DINENSION IX(2,3),IF1(4,3),IF2(4,3),F(3,8) XI(3,3)
DIMENSION T(3,3,8) EK(24,24)
DINENSION EE(9),XE(9),IE4(3,3),1E2(2,3), YF (B) , XF(8)
DINENSION ZF(8),ID(24),BB{4,24)
DATA 18X/1,2,1,4,3,1,1,4,5,4,5,5,5,4,4,384,6,6,7,7,6,8,7,7/
DATA 10Y/1,1,2,1,1,3,1,4,5,5,4,5,4,5,4,6,6,7,7,481,6,7,6,7/
DATA 1Q2/381,2,1,1,3,4,345,384,5,5,7,4,7,6,7,6,7,481/
DATA §27/0.0,0.848418011,~0. 848418011 , 0. 652816472, -0, 652816472, 1.1
$06412899, -1 106412899/
DATA 1X/2,3,1,3,2,1/
DATA 1F1/1,3,5,7,1,3,5,7,1,8,2,7/
DATH 1F2/2,4,6,8,4,2,8,6,5,4,
DATA IE1/1,9,8,9,3,7,5,7,b
DATA 1£2/2,9,4,8,5,7/
DATA 1D/1,4,7,10,13,16,19,22,2,5,8,11,14,17,24,23,3,6,9,12,15, 18,2
1,24/
DATA W/0.78B073483, 680, 499369002, 830, 476508449, 1250, 32303742/
DO i Isf,27
X4, D=027(IQK(1))
AX(2,1)=027(1QY(1))
1 XX(3,1)=R27(10Z(1))
K=
D0 20 I=4,3
EE(I+6)=C{3¢1,3¢1)
D0 20 J=i,1
T
20 EECK)=CCT, D)
D0 11 1=1,308
i1 XK(1)=0.0
DO 15 K=f,27

4
5

)
/

}

o

(
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SUBROUTINE HEXB 76/76  OPT=2 FTN 4.8+498/320

50

65

80

79

95

100

165

110

D05 I=4,3
YA=XX(1X(1,1),K)
XB=XX(IX(2,1),K)
F(1,IF148,10)=-0.1258(1, -XAIR{1, ~XB)
F(ILIF1(2,1))=0.1258(1, +XA)8(1. -XB)
FCI,IFA43,10)=-0.4258 (1. -XA)R(1 , +XB)
FI,TF1(4,1))=0.4258(1. +XA)R{1, +XB)
D0 5 J=t,4

§ F(1,1F2(3,1))=-F(1, IF4(T, 1))
D0 & I=4,3
D0 & J=1,3
LHI,1=0.0
D0 & L=1,8

§ XJCI, D=XICL, DR (L, LRXUIHL-1)83)
YI(4,1)=X3(2,2)0K3(3,3)-XJ(2, 39XJ (3,2}
YI(4,2)=XT(1, 3)8X3(3,2) -XT (1, 208X](3,3)
YI44, 3)=XT(1,2)0X0(2, 3)-XT (1,312, 2)
YI(2,1)=X7(2,3)8XI(3,4)-XT(2,1)8X1(3,3)
YI42,2)=XI(1, 1 )8XT(3,3)-XT ¢4, DX, 1)
YI€2,3)=X0(1,308XT(2,1)-XT (1, 1)RXT(2, 3}
YI(3,1)=KI(2,1)8XT(3,2)-XT (2,201 (3,1)
YIU3,2)=XT44, 2)8X343,1)-XT¢4, 1)8XT(3,2)
YI(3,3)=XT(1,1)8X342, 2)-XI (1, 2)0XT (2, 1)
DET=XT(4,1)8YJ(4,4)4XT(2, 1) 8Y3(1,2) X1 (3,1)8Y1(4,3)
D0 7 I=4,3
M 7 J=4,3

7 YII,1)=YJ(1,1)/DET
D0 8 I=1,8
D0 9 J=t,3
YF(D=0.0
D0 9 L=4,3

9 XFCD=XF(I#YIC,LSFIL, T
D0 3 L=1,3

8 F(L,D=¥FIL)
IFK .67, 1) 60 TO 144
DO 141 I=t,3
DO 114 J=1,3
13=(1-1)88
D0 141 L=f,8

141 B(I, J3+L)=CT, DIF(T,L)

D0 112 I=f,3
11=1+3

D0 142 J=4,2
JI=(IX(3,1)- 48
13=IX(3-J,1)

DD 442 L=1,8

112 B(IT, JI+L)=C(11,IDDXF(1],L)

D0 143 I=1,3
11=1+3
17=({1-4)48
DO 113 J=1,8

143 BCII, 114020,
114 CONTINUE

XB=H(K)$DET
D0 10 I=1,9

25 NOV 79 15.04.59 PAGE
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SUBROUTINE HEXS 76/76  0PY=2 FTN 4.8+496/320 25 NOV 79 15.04.59 PAGE 3

.
10 XECI)=EE(I)#XB - “ e
D0 13 I=1,3
I1=(1-1)48
XA=XE(IE$(1,1))
$45 XB=XE(IE4(I,2))
AC=XE(IEL(1,3))
D0 12 L=1,8
XF(L)=XASF(4,1)
YF(L)=XBSF(2,L)
129 12 ZF{L)=XC$F(3,L)
D0 13 L=1,8
IL=II+
D0 43 LL=i,L
IST=ILRCIL-1)/2+T14LL
125 §3 XKCISTY=XK(IST)4XF(L)SF (4, LL)#YF (L)RF(2,LL)4ZF (LIS (3,LL)
IK=9
D0 15 I=1,2
11=1%8
Do 15 J=,1
130 IK=IKH
JI=(]-1)48
17=1E2(1,IK)
JI=1E2(2,1K)
D0 14 L=1,8
135 SFCL)=XECIDISF(I+,L)
14 YF(L=XE(JIMIF(T,L)
D0 15 L=i,8
D0 15 1J=1,8
IST={TT+L)8(IT4L-1)/24]]41)
140 15 XKCIST)=XK (IST)4XF(L)SF (T, ID)4VF(L)SF(144,10)
L=0
D0 17 I=,24
1S=IMI)
DO 35 K=1,6
i45 35 BB(K,IS)=B(K,I)
D0 £7 J=4,1
L=L+
DET=XK(L)
I1=1D1))
iS50 EK(IS,IT)=DET
17 EK(IT,15)=DET
IF(MROT .EQ. 0) GD TD 32
D0 25 K=1,8

155 b0

26 T(I,1,K024.0
DO 28 K=1,MROT
KK=NOD(K)

160 X=THETX(K)
ZY=THETY(K)
72=THETZ(K)
C¥=C0S(ZX)
CY=COS(ZY)

185 £Z=C08(22)



SUBROUTINE HEXB

i7e

i8e

185

190

195

200

215

220

76/76  OPT=2 FTN 4,8+498/320

SX=SIN(ZX)
SY=5IN(ZY)
52=CIN(Z2)
T(1,1,K0)=CY$CZ
T(4,2,KK)=5Y$SX$CZ-S28CX
T(4,3,KK)=5YSCXICZ +5X85Z
T(2,1,KK)=CY$5Z
T(2,2,KK)=5X85Y$5Z+CX¥C2
T(2,3,KK)=5YSCX852-SXxC2
1(3,1,KK)=-5Y
T(3,2,kK)=CY8SX
28 T(3,3,kK)=CYSCX
DD 14 I=4,8
I1={i-1)43
Do 23 J=4,1
JI=(J-1)13
D0 19 K=1,3
IK=11+K
D0 {9 L=4,3
JL=]I+L
19 XJK,L)=ENCIK, IL)
20 K=1,3
Do 22 L=4,3
YJ{K,L)=48.
Do 22 17=4,3
22 YIWK,L)=YJK, L) +XT K, IT) RTCIT,L, )
DD 23 K={,3
IK=11+K
LL=3
IF(I EQ. 1) LL=X
B0 23 L=t UL
I5=IK${IK-1)/2¢]T+L
XX(15)=0,
D0 237 I7=4,3
23 XKCIS)y=XKCIS)+T(IT,K, 1) 8YI(IT,L)
D0 18 J=1,6
DO 24 ¥=4,3
XF{K)=0.0
DO 24 L=1,3
IL=I1+L
24 XF(K)=XF(K)+BB(J,IL)2T(L K, 1)
D0 18 X=4,3
IL=11#K
18 B(J,IL)=XF(K)
G0 T0 35
32 L=D
D0 33 I=1,24
DO 34 J=1,6
34 B(),D)=BR(J, 1)
D0 33 K=1,]
L=L+
33 XK(L)=EK(I,X)
36 CONTINUE
Do 30 I=1,3
REFPT(I)=0.0

25 NOV 79 15.04.59 PAGE
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SUBROUTINE HEX8 /76 0P1=2 FIN 4.8+498/320 25 NOV 79 15.04,59 PAGE 5

D6 31 J=4,8 Ce -4
15=(1-1)884]
13=ID(19)

3 REFPT(D)=REFPT(D)+X(1])

225 30 REFPT(D)=REFPT(I)H0.125

D040 =16

40 B(J,25) = 0,
RETURN
END

SYMBOLIC REFERENCE AP (R=1)

ENTRY POINTS

3 HEX8
VARIABLES SN TYPE RELOCATION
0B REAL ARRAY F.P. 2770 BB REAL ARKAY
b C REAL ARRAY F.p. 1014 X REAL
1045 CY REAL 1046 €z REAL
774 DET REAL 2647 EE REAL ARRAY
1547 KK REAL ARRAY 1376 F REAL ARRAY
766 1 INTEGER 2740 1D INTEGER  ARRAY
2671 1E4 INTEGER  ARRAY 2702 IE2 INTEGER  ARRAY
1346 IF{ INTEGER  ARRAY 1362 IF2 INTEGER  ARRAY
776 11 INTEGER 77 1 INTEGER
1004 I¥ INTEGER foed IL INTEGER
1023 16X INTEGER  ARRAY 1056 18y INTEGER  ARRAY
i 1az INTEGER  ARRAY 1006 IS INTEGER
1003 15T INTEGER 1007 IT INTEGER
1380 IX INTEGER  ARRAY ) INTEGER
1085 JI INTEGER 75 1 INTEGER
foz2 1L INTEGER 77 K INTEGER
1640 KK INTEGER 73 L INTEGER
1902 LL INTEGER 0 MROT INTEGER F.p.
0 NOD INTEGER  ARRAY F.p 1331 Q27 REAL ARRAY
0 REFPT REAL ARRAY F.P. 1047 SX REAL
1020 35y REAL 1021 SZ REAL
1437 1 REAL ARRAY 0 THETX REAL ARRAY F.P.
b THETY REAL ARRAY F.p. 0 THETZ REAL ARRAY F.P.
1265 ¥ REAL ARRAY 0 X REAL ARRAY F.P,
77 XA REAL 772 X REAL
1060 XC REAL 2660 XE REAL ARRAY
2720 XF REAL ARRAY {426 XJ REAL ARRAY
0 XK REAL ARRAY F.P. 1144 XX REAL ARRAY
2748 YF REAL ARRAY {320 YJ REAL ARRAY
2730 IF REAL ARRAY i#4f X REAL
1012 2vY REAL 1043 7 REAL

EXTERNALS TYPE  AKGS
cos REAL i LIBRARY SIN REAL 1 LIBRARY



SUBROUTINE HEXS

STATEMENT LABELS

-3
=
Qo O D am S B D &

~3
o
e

!

Looprs
i1
22
26
35
L)
47
72

0
102
106
147
150
155
160
f6e
i71
204
205
2it
224
23
241
253
256
265
270
301
i
321
335
340
352
361
3
414
424
432
452
456
457

i

"
é

10
i3
17
20
24
28
32
35
i1
4

LALEL
i

20

20

it

15

S

~3 3~ O~ o LY

~ O O

14
111
i1
i1z
12
iz
113
i3
9
13
iz
13
13
i5
i5
14
15
15
17
35
17
2b
2
27

P ™ Gy bt Cny Dod ™ Cug bowd Cog Do TP Pmq Cmg b Pt Dad

NDEX

76/76

FROX-TO

43 46
48 52
58 52
53 54
55 i
56 o4
53 b4
55 69
b6 6%
68 69
8¢ 82
81 82
83 8y
B4 87
3 87
g8 8y
195
92 95
94 95
9% 102
98 162
161 192
103 167
106 107
110 111
112 125
117 128
i2i 125
123 125
127 148
129 148
134 136
137 140
138 149
142 154
144 i45
146 154
153 157
154 157
155 156

0PT=2

~3

Lnd
A P 3 o S ) DS e

LENGTH
Sk
12
3B
2B
3468
32B
4B
i2p
78
3B
4B
2B
2B
6B
3B
2B
178
1B
2B
258
138
2B
B
2B
B
43B
SB
178
bk
478
1B
3B
168
Sb
368
2B
4B
178
5B
2B

112
PROPERTIES
INSTACK
INSTACK
INSTACK

INSTACK

INSTACK

INSTACK

INSTACK
INSTACK

INSTACK

INSTACK

INSTACK
INSTACK

INSTACK

INSTACK

INSTACK
INSTACK
INSTACK
INSTACK

INSTACK

NOT INNER
NOT INNER
NOT INNER

NOT INNER
NOT INNER

NOT INNER
NOT INNER
NOT INNER
NOT INNER
NOT INNER

NOT INMER
NOT INNER

NOT INNER

NDT INNER
NOT INNER

NOT INNER
NOT INNER

NOT INNER

NOT INMER

NOT INNER
NOT INNER

FTN 4,8+498/320
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23
27
3
3
40
{13
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LoOPS
472
544
55¢
556
557
567
572
575
L} §1
b2
526
550
655
660
670
713
7
72
736
740
747

SUBROUTINE HEXB

LABEL
28

18

23

19

i?

2

22
2
23
a3
23
18
24
24
i3
33
34
3
30
i
49

g

NDEX

hHHxHHxP*'—g:F*HF—RF’RHHx

STATISTICS
PROGRAM LENGTH

1300008 SCW USED

76/76  0PT=2

FROK-TO

158 177
178 209
180 200
182 186
184 186
187 191
188 194
196 194
192 200
196 280
199 206
201 209
202 206
204 206
207 209
212 247 -
213 214
245 247
219 225
224 224
226 227

J221B

LENGTH

45B
144E
B
5B
3B
15
7B
3B
258
168
3B
268
7B
3B
2B
i78
2B
2B
10B
3B
2B

1681

PROPERTIES

INSTACK

INSTACK

INSTACK

INSTACK

TNSTACK

INSTACK
INSTACK

INSTACK
INSTACK

EXT REFS
NOT INNER
NOT INNER
NOT TNNER

NOT INNER
NOT INNER

NOT INMER
NOT INNER

NOT INNER
NOT INNER

NOT INMER

NOT INNER

FTN 4.B+498/328

a5 NOV 79 15.04.59 PAGE
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SUBROUTINE IORDERZ  74/76 OPT=2 FTN 4.9+498/320 25 NOV 79 15.04.59

SUBROUTINE TORDERZ(NUM,IX,Y,NY,LYDIN,AUX)

C ORDERS IN ASCENDING VALUE - X¢(LYDIN) AND Y(LYDIM,NY) ACCORDING TO

C

i0

is

20

g
[T

IX(NUM)

DINENSION IX(1),Y(LYDIK,1),AUX{{)
LOGICAL AGAIN

LEVEL 2,IX

{ LAST=MIN-{

100 ABAIN=,FALSE.

DO 28 1=4,LAST
IF{IX(1¢4),GE. IX(1))60T0 20
I4=1X(1)
IX(D=1X(14)
IXCI+4)=IX4

S IF(NY.EQ.9)E0T0 19
DO & J=4,NY

b AUX(D=X(T,])
D0 16 J=1,NY

19 Y(I,N=1{I4,0)
DO 15 J=4 ,NY

15 Y(I+4, D)=AUX(])

19 AGAIN=, TRUE.

20 CONTINUE
IF(AGAIN)EOTO 100
RETURN
END

SYMBOLIC REFERENCE MAP (R={1)

ENTRY POINTS

3 IORDERZ

VARIABLES SN TYPE RELOCATION
54 AGAIN LOGICAL o AUX REAL ARRAY F.P.
S6 1 INTEGER b IX INTEGER  ARRAY F.p.
57 IXt INTEGER 60 J INTEGER
5S LAST INTEGER b LYDIM INTEGER F.p.
b NUM INTEGER F.P 0 Ny INTEGER F.P,
&y REAL ARRAY F.p.

STRTEMENT LABELS
b4 INACTIVE PS5 INACTIVE b6
b 10 § 15 4% 19
47 20 14 1060

LOOPS LABEL  INDEX FRON-TO  LENGTH  PROPERTIES
i5 20 I i1 24 328 NOT INNER
kYA J 17 18 2B INSTACK
35 10 J 19 20 28 INSTACK
44 19 J o 22 2B INSTACK

C

P
i

PAGE
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SUBROUTINE IORDER2  76/76 (OPT=2 FIN 4.8+498/328 25 NOV 79 15.04.59 PAGE

STATISTICS C2-4%
PROGRAN LENGTH 658 53
1300008 SCH USED
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30

40
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SLERGUTINE QUADSCOORD, THR, TERP, O HRUY  NOUE,ANGLE, F .ot it Ll R,
i GUT,GRAVE,RHD, YEKY)

g tittitividtfitieeti iRERE RS 44 va i iR i fibeboseitiv et ssbs bR bisives iy

{ CLEMENT GEWERATOR LIERARY

C FOUR -NODE PLANE STRESS/PLANE STRAIN QUADRILATERAL

L

)

pEissiditeRsitibii it e s i Rs b eatistititteiianitotititstetat bitstatistisy
 ARGUMENT LIST LEGEND

L i, LDORD - CORNER CGORDINATES 1N Cw OR CCW OWDER? Xi,v1,28.X2,...

£ cooyZ87 I TOORDINATES ARE NOT USED BY THID SUBR

€ 2. 7THK - ELEMENT THiCKNESS IN 2 DIRECTION

U 3. TUWP - CHANGE FROM REFERENCE TEFPERATURE AT ELEMENT CORNERS
C 4, 0C- 3X3 ELASTIC CONSTANTS #ATRIX (PLANE STRESS OR PLANE

L -~ STRAI¥* ISOTROPIC OR ANISOTROPIC)

€ 5, NROT - NUMBER OF NODES (CORNLRS) AT WHICH KOTATION TO SKEWED
L COCRDINATE SYSTEN FOR MIXED BOUNDARY CONDITION I3 TD
C BE PEKFORMED

C &, NODE - VECTOR CONTAINING LOCAL HODL NUMBERD GF NODES AT WHICH
L ROTATIONS ARE 7O BE PLRFORNED

€ 7. ANGLE - ROTAT:ON ANGLES (IN RADIAN nEASUXE) CORRCSPONPING TO
L NODE VLL7Ok

L % F- ELEHENT CONSISTENT NODAL TORCES ARE PLACED HERD

C 10, 5M - ELEMEMT STIFFNZSSES IN LTV FORR ARE PLACED HERC

L i1, - ELEMENT STRESS-DISPLACEMENT TRANSFER MATRI{ I5 PLACED
L HERE

C 12, LNUM  USERS ELMEN: NUMBER

L 13, &b FORTRAN UNIT NUNEER FOR On-LINE PRINTER AT USLRS

L COMPUTING i ACTLITY

RS KSR DR VAR RE AR A KR AR RENR
Covirenrins APRIL 3, 4573 VERSION.....\.vve.. .. U
DINENSION COORD{:2;, TEWP(4), T{3,3), HODC{4), ANGLE(4), F(B),
7 SH(383, B(3,9)
LOGICAL DUT,GRAVE
C INTERMAL - ARRAYS FOR QUADRATURE DATA
DIMENSION AL(3,3:, AZ(3,3), A3(3,3), A4i3.3), BA(3,3), B2(3,9),
B33, BAE,D), B5I5,T), 863,31, BT(3,3), BB(3,D), 61,3,
3 {1833, (T3S, WiS)
C INTEKNAL - TCMPORAKY STORAGSE
DIMENSION BE(3,81, E(3,8), EE(8,E), FFI8), kT(8,5
C SET UP DATA FOR 3X3-FOINT GAULSIAN GUADRATLRES ON UNIT SQUAiL
C COORDINATES
DATA X1/-0.7745967,0, 0, 7145947/
DATA ETA/-0.7765957 0. 0. 7745957/
C WEIGHTS
DATA U/0,555555¢, . BBEEEGY, 0, 5555556/
C PRODUCTS
DATA A1/3.449157,1. 774577 0.4,1. 374597 1. , 0.2354033, 0,4, . 2354033,
2 0. 05080685/
DATA A2/0.4,4.774597,3, 449493,0, 20540331, ,1. 774557, 0. 15080665,
2 0.2354033,0.47
DATH A3/0,05080455 ,0.2254033,0,4, . 2264035,1. 1, 774557, 8.4,
2 1.774597,3.145493
DATA A4/0.4,0.2754033,0, 05020665, 1. 74597 1. 0, 2054033, 3. 149193,
2 1,774597,0.4/
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Y7

&5

ac

25

ite

€ PRINT LUNTROL
904 FOKHAT11HE, 42X, 314FOUR HODE QUADKILATZRAL ELEMENT,1S,.",52X, {EHCORN
JER CODADINATES,/, 44X, Fali-===Xf=mr o =-ocifomen  wommfZomem —omf2
e e & S LR e L1 8
§ 8iE10.3.2X))
902 FORMAT(1HO,40HDEGENCRATL ELEMENT’ EXECUTION TERHINATES)
703 FORIAT 140, 3GHBOOMLRANG ELENENT® EXELUTION CONTINUES)
904 FORWAT:1H0.¥ ZERD THICKNESS OR ELAGTIC CONSTANTS 51IFFNESS=ZERD#)
C ENTRY? DEGEMERACY AND OTHER CHECKS
ERIEN
B0 = 0,
B39 = 0,
IFifG = §
C COORDINATE TRANSFER
{4 = TEORD(1)
i1 = LO0RDi2)
{2 = COIRD{4}
12 = LOORD(S)
= CGORD(7)
= COORD(8)
%4 = CIOKDU10:
Ya - ZOUKDI41)

23 = AES(XDAYI PXIRYE+41RY2-XIRY2-¥ 2 $Y3-X24T1)
ANG(X3RY 44 LARY X RY3-XARY3 X187 4-X0HY1)
A129 = ABGOIKYAL XARYLAXTRY2-XAAYI-XLRT4-X2AVH)
AT34 = ARSOUIRYAX 4472 X2AY3-XaRYI-A0HY 4- (3HYD)
C CHECK ELASTIC CONSTANTS AND THICKWESS
ML i=1,]
BiiF=1,3
¥ (i) NEL D 0702
1 CONTINUE
IFLAG - 1
207 CiHK Q. 8. IFLAG = f
[ BOOHERANG
IF iAIZ34ALT NE. 0.0 DIFF = ABS({ALZ3¢ni34-A124-20T4)/(A103
2 +hidh)
IFODIFF BT, 0.30 IFLAG = IFLAG:
[ DEGEMERALY
IF \G1Z3+A234 (ER. 0. .OK, AL24+A234 .Li. 0.) IFLAG = 4
{ DUMF RLIULTS OF TESTS
IF \1rikG LEQ. 03 6D T0 3
WRITD tKW,908) LAUN,X1,Y1,X2,Y2,43,73.X4, 74
IF (IFLAG LEQ.  .0%. IFLAG LEQ. 30 WRITE (KW,904)
IF (IFLAG .EQ. 2 .OR. IFLAG .EQ. 2) WRITE (KW,703)
IT {IFLAG .NE, 4) 50 70 3
WRITE (KW,902)
57O
100 CONTINUE
F2=i,
Fasg.
Fo=i,
rg=p,
FE=RHOKHIKRYERY. 04,
L070 1040

ey
Fasy
T
ok
1

it
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i1k

130

i35

140

150

155

160

1100 LUNTINUE Cz2-¢ |
FoeFi*AbG (-1, -XT(1) (T, D=1, -ETALI) ) UL TIRM (T
FBETG4ARS (4, -XT(I13G(T, 5)80-1, ETRLT AN INCT)
FI=F24pBS((1, -XTC1)AG(T, DRIL. -ETALT ) IRWCT)
FASFAHABS{ (-1, -XT(1)HG(T, AL, ~ETALT) DIRCIND)
£070 144

1200 CONTIHUE
F2=IGHF2
Fy=FG#F4
FE=FGAFG
FB=FGAFY
F(2)=F2HF(2)

Fib)=F 44 (4)
Fid)eh§4FL6)
FiZ)=FO4F(B)
IF{QUTIMRITEKW, 1204 )LNLN, F2,F4,F 5, F8
1208 FORMAT:® ELEMENT=¥,15,% NODAL GRAV FORCE=S,1P4E1D.D)
GOTD 1240
C PERFARE FOR CALCULATION OF STIFFNCSS HATRIX
300 AK = 1,3
4 SHIKD = D,
IF{CRAVE, AND. RHD. NE. 0. )6OTD 1008
1010 CONTINUE
C PRE-GAUSS COMFUTATIONS
BOS 11,3
D05I=4,3
C JACGBIAN
G(1,30 = (AL, T #0205, 30 ROXIRY2-X2RYE 4+ (A2(T, D) +AZ(T, ) A (X2HY3-
DXIRY2) (A3, TI+ALT, T1) R (XTRVA-XARYT) + (AT, T)4ALLT, T VR XARY S
SLARTH(AR(T, ) -A4(T, T ROX3RYE-XERYD) (AL (T, D) -R3CT, T IRCXERY4-
AX4¥Y2
IF(GKAVE, AND RHO.NE. 0. )L0T0 1101
1140 CONTINUE
C CENTRAL JACOBIAN TEKM FOR STRESS-DISPLACEHENT MATRIX
IF {1 .ER. 2 .AND. J .EQ. 2) 6C = 1./6(2,2)
€ WEIGHTING FACTOKS X 1./JACUBIAN
(LT = ABS(Z, W(DW(D)/G(T, TN
C STRAIN-DISPLACCHENT MATRIX ENIRIES
BE(I,0) = ALCT, T24072-YA)4A4(T, TIR(YZ-Y4) +h2(T, DR{Y2-Y3)
B3CI,0) = A1, T)ECY3-Y+A3CT, TIRCY3-YA)+AL (T, IIR(YA-YH)
E5(1,7) = A3(1,10H(Y4-Y20HA2(1, DR(Y1-Y2) +h4(1,1)2(Y4-Y1)
B7(1,30 = A4(L,T0RCYE-Y3)+A1CD, TIR(Y1-Y2) +A3(1, )% (Y2-YT)
B2(1,0) = ALCT,TDNOX4-X2) +A4(1, ] )X(X4-X3) +h2( 1, DK(X3-X2)
BA(1,3) = A2(1, TYRCKE-X3)+A3CT, TIR(X4-X3) 444 (1, ] A (Xi-K4)
B6i1,0) = A3CT,T)R(X2-Xa)4A2(1, D) RCX2-X1) +A4 (T, TIRCXE-X4)
S B(I,J) = AT, TIKCA3-X1) +1 (T, TIRO-X0) +A3(T, 1 X{X3-X2)
IF(GRAVR. 4HD. RHO. NE. 0. JGOTO 1208
1240 CONTINUE
C GAUSSIAM GUADRATURES LOOP
DWsI=1,3
D06J=1,3
Sh(1) = SMOLIG(T,I)RICHE, D¥BACT, 1)KR242, 4C(1, 5INB(T, THHB2(I,T)
2 +0(3,2)882(1, 0082
SHEZ) = SHO2MG(T,)RECHE, 3BT, D ARZHC(2,3)4B2(1, T 182
2 HC(, 204043, 30 44T, 1DEBA(T, 7))
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170

175

180

185

170

SHOI) = SHOI)G(T, TIR(C(2,2)8B2(T, THhka+2, 4042, 3)%B1 (1, 1) 48241, 7) C 2-Ce
2 {3 DAB4LT, 1) 08D)

SH(4) = SHIR(T, DIMCUE, 1)RBECT, B3I, 104001, 3)(BR(T, K
2 B3(1,034B4(1,104B4(1, 7)) +C(3,3)0E2(1, 1) 4B4(I, 7))

SH(T) = SHIS)HG(L,TIRIC(L,2)RE2(T, 1)EB3(1,3)+CA1, 38R (I, 108
2 B3(I,1)4C(2,30¥E2(1, THBAT, T)+C(3, IKBL(T, 1) ABA(I,T))

SHib) = SHIGBIT, JINIL(L, 1)¥BICT, I)xs2+2, 8C(1, DIAB3(T, DABACT, )
2 +0{3.4B4(T, 1R8D)

SH{7) = SHOZ)HG(T,TIRIC(L, 20881 (1, 1) 4BACT, 104002, DRE2(T, DX

2 BALI, 14008, DBET, TIRB3(T, D) 4C(3, 2RE2(<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>